High order chiral Lagrangians with vector mesons in different approaches by Guo, Wei et al.
ar
X
iv
:2
00
6.
15
25
8v
1 
 [h
ep
-p
h]
  2
7 J
un
 20
20
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The chiral Lagrangians with vector mesons are constructed in different approaches, including
the next-to-leading order Lagrangian in the vector-field approach, the next-to-next-to-leading order
Lagrangians in the tensor-field and the hidden local symmetry approaches. Some redundant terms
are found at the next-to-leading order in the tensor-field and the hidden local symmetry approaches.
The corresponding relationships between the next-to-next-to-leading order pseudoscalar mesonic
low-energy constants and the ones in the hidden local symmetry approach are obtained at the tree
level. The equivalence between the tensor-field approach and the hidden local symmetry approach
is also discussed.
I. INTRODUCTION
It is well known that quantum chromodynamics (QCD) is the fundamental theory to describe strong interactions.
However, in the low-energy region, QCD does not work fine because of the non-perturbative effects. Owing to the
chiral symmetry and its spontaneous breaking, one can study the low-energy QCD involving pseudoscalar pions with
an effective theory at the hadron level. It avoids considering the complex interactions between quarks and gluons.
This approach is called chiral perturbation theory (ChPT) [1–5]. ChPT is an effective field theory of QCD in the
low energy, while QCD is an ultraviolet completion of ChPT in the high energy. In ChPT, the chiral lagrangian
includes all effective interactions, which are invariant under the Lorentz transformation, chrial transformation, charge
conjugation and parity transformations. Instead of the strong coupling constant, ChPT is expanded by the typical
scale of momentum (p). According to Weinbergs power-counting rule, the tree and the loop diagrams are counted
as some suitable power of p/Λ, where Λ is related to the chiral symmetry breaking scale. Hence, the calculation
of a physical quantity at a certain degree of accuracy is according to a finite number of interactions. At present,
the pseudoscalar mesonic chiral Lagrangians have been constructed up to the O(p8) order in both SU(2) and SU(3)
situations [4–9].
ChPT can be extended to the higher energy range and incorporate other particles, such as vector mesons. Vector
mesons are very special and they have their own features. The masses of vector mesons are between pseudoscalar
mesons and baryons, which contribute to an inconsistent power counting rule. Some literature treats them as light
degrees of freedom [10–18], while the others treats them as heavy degrees of freedom [19–23]. There exist more than
one approach to represent them, such as the traditional vector-field (also called matter field or Proca field) approach
[24, 25], the antisymmetric tensor-field approach [4, 25, 26], the hidden local symmetry (HLS) approach [27–35]
and the massive Yang-Mills approach [36–39]. In this paper, we will discuss the first three approaches, because the
massive Yang-Mills approach is rarely used at present. These approaches are not independent and they have equivalent
relationships with each other. The vector-field approach is the most traditional one, whose relations with the others
have been given in Refs. [25, 34, 40–42]. In the tensor-field approach, a vector field is represented by an antisymmetric
tensor. All tensor fields transform homogeneously under the chiral symmetry [25, 26, 40, 42]. The vector- and the
tensor-field approaches have so much in common. Some literature discusses them simultaneously [25, 40, 42]. The
tensor-field approach has its advantages [43]. First, the antisymmetric tensor field can be direct generalization to
spin one of the Dirac equation for spin half particles [43]. Second, the tensor-field approach corresponds to the
(1, 0) ⊕ (0, 1) representation of the Lorentz group. It contains six degrees of freedom, which can be separated into
two spin-one degrees of freedom. Nevertheless, the vector-field approach corresponds to the (1
2
, 1
2
) representation.
It needs a subsidiary condition to remove the unwanted spin-zero component. Third, the tensor field Lagrangian
has a simpler form than that in the vector field. The relationships between these two approaches can be found in
Refs. [25, 32, 40–42]. For the HLS approach, an artificial local symmetry is introduced to the nonlinear sigma model
by choosing special field variables. This symmetry can be removed by choosing some specific gauge conditions, e.g.
unitary gauge. In fact, the gauge symmetry is not a symmetry but a simply redundancy of the description. At present,
only HLS approach makes the systematic derivative expansion possible [31, 33, 44, 45]. It also has relationships with
the other approaches [25, 32, 34, 46].
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2For these approaches, there exist two different equivalent relations [42, 46]. One means different approaches have
the same structure without integrating vector mesons [32, 34], while the other one means different approaches give
equivalent relations after integrating the vector fields [25, 40, 42]. The former one is at the level of the resonance
Lagrangians and the latter one is at the level of the pseudoscalar mesonic chiral Lagrangians. The first one implies
the second one, but not vice versa. After integrating the vector fields and comparing with the pseudoscalar mesonic
chiral Lagrangians [4, 5, 7, 47], the equivalence among these approaches at the level of the pseudoscalar mesonic
chiral lagrangian can be accounted for [25, 40, 42]. A new method called the first order formalism gives resonance
contributions to the low-energy constants (LECs) in ChPT at the next-to-next-to-leading (NNLO) order by integrating
vector fields [42]. This approach accounts for the equivalence between the vector-field and the tensor-field approach
at the NNLO.
At present, although there exists a lot of research based on the ChPT with vector mesons, most of them regard
vector mesons as resonance states to study the pseudoscalar mesons. In this case, the low order chiral Lagrangian is
enough. On the other hand, some research studies the vector mesons themselves, such as the vector meson masses
[20, 48–53], their electromagnetic properties [16, 54], vector meson decay constants [55], vector meson radiative decays
[11], vector meson scattering with the other high energy particles [15, 35, 56–58] and so on. Some of them study
to the next-to-leading order (NLO). The NNLO research is also mentioned. At present, the vector mesonic chiral
Lagrangians have been obtained to the NLO in the tensor-field and the HLS approaches [25, 27, 31, 59]. Generally, if
the study is on the vector mesons themselves, the low order chiral Lagrangian may not give enough precision. In this
paper, we will construct the chiral Lagrangians in these three approaches including the normal and the anomalous
parts to a given order. For the vector-field approach, the Lagrangian is constructed to the NLO. The Lagrangian is
constructed to the NNLO in the tensor-field and the HLS approaches. A short discussion about the strong equivalence
between the tensor-field and the HLS approaches is also given. Although there already exits research on n-vector-
meson interactions, most research only considers one-vector-meson vertexes. The n-vector-meson interactions in the
vector-field and the tensor-field approaches are more complicated. Hence, only one-vector-meson vertex is mentioned
in the vector-field and the tensor-fields approaches. The high order chiral Lagrangians contain a lot of terms, but
this is not a serious problem. Only a few terms have an impact on a special problem. With the rapid development of
technologies, more and more software arises. Some computations can be done by computer.
This paper is organized as follows. Section II gives a short review on the pseudoscalar and vector mesons in the
ChPT. Sections III to V give the methods of constructing the chiral Lagrangians with vector mesons in the vector-
field, the tensor-field and the HLS approaches, respectively. Section VI gives the results of chiral Lagrangians. Section
VII gives relations between the HLS and the tensor-field approaches. In Sec. VIII, we give a discussion about the
equivalence among these approaches. Section IX is a short summary.
II. MESONS IN CHIRAL PERTURBATION THEORY
In QCD, the origin Lagrangian with external sources is
LQCD = L
0
QCD + q¯(/v + /aγ5 − s+ ipγ5)q, (1)
where L 0OCD is the original QCD Lagrangian. q denotes the quark fields. v
µ, aµ, s and p represent vector, axial-
vector, scalar and pseudoscalar sources, respectively. For convenience, the tensor source and the θ term are ignored. To
compare with the pseudoscalar mesonic chiral Lagrangian, aµ is considered traceless, vµ is traceless in the three-flavor
normal part, but it is traceable in the two-flavor anomalous part.
If the masses of the light quarks are ignored, the QCD Lagrangian exists a global SU(Nf)L × SU(Nf)R chiral
symmetry, where Nf = 2 or 3. Chiral symmetry spontaneously breaks into SU(Nf )V symmetry. The related
pseudoscalar Goldstone bosons are regarded as the lowest pseudoscalar mesons U . U transforms as U → gLUg†R under
the chiral rotation, where gR and gL denote the group elements in SU(Nf)L and SU(Nf )R rotations, respectively.
For convenience, another field u is introduced to describe the meson fields, where u2 = U . u transforms as u →
gLuh
† = hug†R under the chiral rotation, where h is a compensator field which is dependent on the meson fields. In
this form, it is more convenient to construct the chiral Lagrangians and we will adopt it.
The vector-meson octet is represented by a 3× 3 matrix in the vector-field approach
V µ =


ρ0√
2
+
ω8√
6
ρ+ K∗+
ρ− − ρ
0
√
2
+
ω8√
6
K∗0
K∗− K
∗0 −2ω8√
6


µ
. (2)
3It transforms to hV µh† under the chiral rotation. In the tensor-field approach, the vector field V µ is replaced by an
antisymmetric tensor Wµν and all elements in matrix V µ are replaced by the corresponding antisymmetric tensor
fields. The HLS approach is a little more complex and it will be discussed in Sec. V.
The following three sections will discuss how to construct the chiral Lagrangians with vector mesons in different
approaches, respectively. In this paper, we only consider one-vector-meson vertexes in the vector-field and the tensor-
field approaches.
III. VECTOR-FIELD APPROACH
A. Building blocks and transformation properties
Besides the vector meson fields, the building blocks in the vector-field approach are the same as those in the
pseudoscalar mesonic chiral Lagrangians [7, 47],
uµ = i
{
u† (∂µ − irµ)u− u (∂µ − iℓµ) u†} ,
χ± = u
†χu† ± uχ†u,
fµν+ = uF
µν
L u
† + u†FµνR u,
fµν− = uF
µν
L u
† − u†FµνR u = −∇µuν +∇νuµ,
hµν = ∇µuν +∇νuµ, (3)
where rµ = vµ + aµ, ℓµ = vµ − aµ, χ = 2B0(s + ip), FµνR = ∂µrν − ∂νrµ − i [rµ, rν ] , FµνL = ∂µℓν − ∂νℓµ − i [ℓµ, ℓν ]
and B0 is a constant related to the quark condensate. These building blocks have the same chiral transformation
properties as V µ, i.e. X → hXh†, where X is any building block. Their covariant derivatives are
∇µX = ∂µX + [Γµ, X ] , (4)
where Γµ is the chiral connection
Γµ =
1
2
{
u† (∂µ − irµ)u+ u (∂µ − iℓµ)u†} . (5)
Generally, in order to construct the vector mesonic chiral Lagrangians, V µ, X and their derivatives should be
considered. Some references also introduce a building block Vˆ µν = ∇µVν − ∇νV µ [25, 42]. However, it will be
discussed in Eq. (7) that the covariant derivatives in front of V µ can be moved to the other building blocks by partial
integration. Hence, besides the kinetic term, we do not consider this building block.
In addition to chiral symmetry, the chiral Lagrangians also need to be invariant under the transformations of parity
(P ), charge conjugation (C), and Hermitian conjugation (h.c.). The transformation properties of these building blocks
have been given in a lot of literature [7, 25, 26, 47]. For convenience, these properties are presented in Table I.
TABLE I. Chiral dimension (Dim), parity (P ), charge conjugation (C) and hermiticity (h.c.) of the building blocks in the
vector-field and the tensor-field approaches.
Dim P C h.c.
uµ 1 −uµ (u
µ)T uµ
hµν 2 −hµν (h
µν)T hµν
χ± 2 ±χ± (χ±)
T ±χ±
f
µν
± 2 ±f±µν ∓(f
µν
± )
T f
µν
±
V µ 0 Vµ −(V
µ)T V µ
W µν 0 Wµν −(W
µν)T W µν
εµνλρ 0 −εµνλρ ε
µνλρ εµνλρ
The vector meson masses are
ω(547MeV ), ρ±, ρ0(769MeV ), K∗±(892MeV ), K∗0, K¯∗0(896MeV ). (6)
Their masses are between the pseudoscalar mesons and the baryons masses. They can be regarded as both light and
heavy degrees of freedom. In this paper, we count V µ = O(p0). The other building blocks are the same as those in
the pseudoscalar mesonic chiral Lagrangians [34, 60]. Table I gives a summary about these power counting rules. In
addition, each covariant derivative on these building blocks contributes an additional O(p1) order. For the anomalous
part, Levi-Civita tensor εµνλρ is also needed.
4B. Constraint relations
Chiral Lagrangian needs to satisfy all symmetries discussed above. It is easy to construct a complete set which
satisfies all these symmetries, but the terms in this set are generally not linear independent. In order to get a linear
independent chiral Lagrangians, all possible linear constraint relations need to be considered [6–9, 25, 26].
(i) Partial integration. Because the derivative acting on the whole Lagrangian can be discarded, it leads to
〈∇µAB · · ·〉〈C · · ·〉+ 〈A∇µB · · ·〉〈C · · ·〉+ 〈AB · · ·〉〈∇µC · · ·〉+ other terms = 0, (7)
where A, B, C are some building blocks, “〈· · ·〉” represents the flavour trace and “· · · ” denotes one or more
possible building blocks. From this relation, one of the terms on the left-hand side in Eq. (7) is not independent
and it can be discarded. For convenience, using this relation, the covariant derivatives in front of V µ are moved
to the other building blocks. Hence, the terms containing ∇µV ν have been ignored.
(ii) Equation of motions (EOMs). Only the leading order EOMs are needed for constructing the chiral Lagrangians
[7]. For pseudoscalar mesons, the leading order EOM is
∇µuµ = i
2
(
χ− − 1
Nf
〈χ−〉
)
. (8)
With this relation, ∇µuµ can be replaced by other factors and it does not exist in the chiral Lagrangians.
For vector mesons, the leading order Lagrangian is [25]
L2 = −1
4
〈
VµνV
µν − 2M2V VµV µ
〉
. (9)
This Lagrangian leads to Klein-Gordon equation and a subsidiary condition,
(∇ν∇ν +M2V )V µ .= 0, ∇µV µ .= 0, (10)
where the symbol “
.
=” means that both sides are equal if other forms are ignored. The above equations mean
∇ν∇νV µ and ∇µV µ can be transformed into the other forms. Combining with partial integration, Eq. (10)
can be written as
V µ∇ρ∇ρKµ .= 0, V µ∇µK .= 0, (11)
where K (Kµ) represents the product of any set of the building blocks with suitable index. The ignored parts
have no impact on the structure of chiral Lagrangians.
(iii) Bianchi identity. With the definitions in Sec. III A, the following Bianchi identity is obtained
∇µΓνρ +∇νΓρµ +∇ρΓµν = 0, (12)
where for any building block X ,
[∇µ,∇ν ]X = [Γµν , X ] , (13)
Γµν =
1
4
[uµ, uν]− i
2
fµν+ . (14)
Two special cases are
∇µfνα− +∇νfαµ− +∇αfµν− =
i
2
([
fµν+ , u
α
]
+
[
fνα+ , u
µ
]
+
[
fαµ+ , u
ν
])
, (15)
∇µfνα+ +∇νfαµ+ +∇αfµν+ =
i
2
([
fµν− , u
α
]
+
[
fνα− , u
µ
]
+
[
fαµ− , u
ν
])
. (16)
(iv) Schouten identity. For the anomalous parts, Levi-Civita tensor ǫµναβ appears. Because there does not exit any
total antisymmetric fifth order tenor in the four-dimensional spacetime, Schouten identity indicates that
Sγǫµναβ − Sµǫγναβ − Sνǫµγαβ − Sαǫµνγβ − Sβǫµναγ = 0, (17)
where Sµ is any operator.
5(v) Cayley-Hamilton relations. All building blocks are Nf×Nf matrix in the flavor space. Cayley-Hamilton theorem
gives relations among Nf ×Nf matrices. For SU(2),
{A,B} = A〈B〉+B〈A〉 + 〈AB〉 − 〈A〉〈B〉, (18)
where A and B are 2× 2 any matrices.
For SU(3),
ABC +ACB +BAC +BCA+ CAB + CBA −AB〈C〉−
−AC〈B〉 −BA〈C〉 −BC〈A〉 − CA〈B〉 − CB〈A〉 −A〈BC〉−
−B〈AC〉 − C〈AB〉 − 〈ABC〉 − 〈ACB〉 +A〈B〉〈C〉 +B〈A〉〈C〉+
+C〈A〉〈B〉+ 〈A〉〈BC〉 + 〈B〉〈AC〉 + 〈C〉〈AB〉 − 〈A〉〈B〉〈C〉 = 0,
(19)
where A, B and C are 3× 3 any matrices.
IV. TENSOR-FIELD APPROACH
The tensor-field approach is similar to the vector-field approach. The building blocks are almost the same as those
in Table I, except for replacing V µ by Wµν . The transformation properties and power counting rule of Wµν are also
presented in Table I.
In the tensor-field approach, the linear relations are almost the same as those in the vector-field approach. The
only difference point is the EOM for vector mesons. The tensor-fieldWµν is antisymmetric, Wµν = −W νµ. With the
methods in Refs. [26, 49, 61], Eq. (10) is replaced by the following two equations,
(∇ρ∇ρ +M2V )Wµν .= 0, ∇λW ρσ +∇ρW σλ +∇σWλρ .= 0. (20)
There is another subsidiary condition [26, 40, 49, 61, 62]
∇ρW ρµ .= 0. (21)
For historical reasons, we adopt the convention in Eq. (20), where the degrees of freedom W ij are frozen but W 0i are
dynamical. Combining with partial integration, Eq. (20) leads to the following two linear relations
Wµν∇ρ(Rµνρ +Rνρµ +Rρµν) .= 0, Wµν∇ρ∇ρCµν .= 0, (22)
where Rµνρ is any operator with three indices and Cµν is any operator with two indices. The M
2
V term is ignored in
the last relation.
V. HLS APPROACH
The HLS approach is very different from the vector-field approach or the tensor-field approach. This section only
gives a short review on it. More details can be found in [27–29, 31, 32, 34, 63].
A. Definition
In this approach, vector mesons are considered as gauge fields and their masses come from Brout-Englert-Higgs
mechanism. HLS approach is base on the Gglobal ×Hlocal symmetry, where G = SU(Nf )L × SU(Nf )R is the global
symmetry and H is the HLS. Gglobal ×Hlocal symmetry can break into a H symmetry, which is the flavor symmetry.
U field in ChPT can be divided into two fields ξL and ξR,
U = ξ†LξR. (23)
The two fields ξL and ξR satisfy the following transformation properties under the Gglobal ×Hlocal symmetry
ξL,R(x)→ h(x) · ξL,R(x) · g†L,R, (24)
6where h(x) ∈ Hlocal and gL,R ∈ SU(Nf)L × SU(Nf )R. Two MaurerCartan 1-forms are
αµ⊥ =
1
2i
(∂µξR · ξ†R − ∂µξL · ξ†L) (25)
αµ‖ =
1
2i
(∂µξR · ξ†R + ∂µξL · ξ†L). (26)
Their chiral transformation properties under the full symmetry are
αµ⊥ → h(x) · αµ⊥ · h†(x), (27)
αµ‖ → h(x) · αµ⊥ · h†(x)− i∂µh(x) · h†(x). (28)
The relations between αµ⊥, α
µ
‖ and the building blocks in the vector-(tensor-) field approach are α
µ
⊥ =
1
2
uµ and
αµ‖ = iΓ
µ. The covariant derivative of ξL,R is
DµξL,R = ∂
µξL,R − iKµξL,R, (29)
where Kµ are the corresponding gauge fields in Hlocal. Its chiral transformation property is
Kµ → h(x) ·Kµ · h†(x) − i∂µh(x) · h†(x). (30)
With K fields, the covariant 1-forms are
αˆ⊥
µ =α⊥
µ =
1
2i
(DµξR · ξ†R −DµξL · ξ†L), (31)
αˆ‖
µ =aµ‖ −Kµ =
1
2i
(DµξR · ξ†R +DµξL · ξ†L). (32)
αˆ‖
µ is related to the vector fields V µ in the traditional vector-field approach
ξαˆ‖
µ = V µ, (33)
where ξ is a parameter related to the redefinition of the vector meson field V µ in the HLS approach. The chiral
transformation properties of αˆ⊥
µ and αµ‖ are
αˆ⊥,‖
µ → h(x) αˆ⊥,‖µ h†(x). (34)
The gauge field strength of the HLS gauge boson is
V µν = ∂µKν − ∂νKµ − i [Kµ,Kν ] . (35)
The leading order chiral Lagrangian is
LH,2 = F 2pi 〈αˆ⊥µαˆ⊥µ〉+ F 2σ 〈αˆ‖µαˆ‖
µ〉 − 1
2g2
〈VµνV µν〉+ 1
4
F 2χ〈χˆ+〉, (36)
where Fpi, Fσ are the relevant decay constants, g is the HLS gauge coupling constant, a = F
2
σ/F
2
pi , and χˆ+ is related
to the scalar and the pseudoscalar external sources
χˆ± = χˆ± χˆ† (χˆ = ξLχξ†R). (37)
B. Building blocks and transformation properties
The leading order chiral Lagrangian only contains four kinds of building blocks, αˆ⊥
µ, αˆ‖
µ, V µν and χˆ+. These
building blocks are not enough to construct the higher-order chiral Lagrangians. χˆ− and the following building blocks
are also necessary,
Aˆ
µν = Dµαˆ⊥
ν −Dν αˆ⊥µ − i[αˆ‖µ, αˆ⊥ν ]− i[αˆ⊥µ, αˆ‖ν ], (38)
Hˆ
µν = Dµαˆ⊥
ν +Dναˆ⊥
µ − i[αˆ‖µ, αˆ⊥ν ] + i[αˆ⊥µ, αˆ‖ν ], (39)
7Vˆ
µν = Dµαˆ‖
ν −Dν αˆ‖µ − i[αˆ‖µ, αˆ‖ν ]− i[αˆ⊥µ, αˆ⊥ν ] + V µν , (40)
Hµν = Dµαˆ‖
ν +Dναˆ‖
µ. (41)
These equations give symmetric (antisymmetric) indexes of Dµαˆ⊥
ν(Dµαˆ‖
ν). In the NLO, only the antisymmetric
building blocks Aˆ µν and Vˆ µν exist [34]. To the higher orders, the symmetric ones will also appear. In addition, there
exists another form of building blocks [35]. In this work, we choose the former one.
Any building blocks Y transforms to hY h† under the chiral rotation. The covariant derivative of these building
blocks is
DµY = ∂µY − i[Kµ, Y ]. (42)
The form of these building blocks is completely different from those in the other approaches. Generally, the relations
among these building blocks are complex. However, in the unitary gauge, the relations are simple [31, 32, 34]. Table II
presents the relations between Eqs. (31), (32), (37)-(41) and Eq. (3). The transformation properties of these building
blocks are also listed in Table II. With these building blocks and their covariant derivatives, the chiral Lagrangians
to any order can be constructed.
TABLE II. Chiral dimension (Dim), relation with pseudoscalar mesonic building blocks O, parity (P ), charge conjugation (C)
and hermiticity of the building blocks in the HLS approach.
Dim O P C h.c.
αˆ⊥
µ 1 1
2
uµ −αˆ⊥µ (αˆ⊥
µ)T αˆ⊥
µ
αˆ‖
µ 1 αˆ‖µ −(αˆ‖
µ)T αˆ‖
µ
χˆ± 2 χ± χˆ± (χˆ±)
T ±χˆ±
Vˆ
µν 2 1
2
f
µν
+ Vˆµν −(Vˆ
µν)T Vˆ µν
V µν 2 Vµν −(V
µν)T V µν
Hˆ
µν 2 1
2
hµν −Hˆµν (Hˆ
µν)T Hˆ µν
Aˆ
µν 2 − 1
2
f
µν
− −Aˆµν (Aˆ
µν)T Aˆ µν
Hµν 2 Hµν −(H
µν)T Hµν
εµνλρ 0 −εµνλρ ε
µνλρ εµνλρ
Table II also gives the power counting of HLS building blocks [31, 34]. In addition, the g parameter in the leading
order chiral Lagrangians is counted O(p1) [34].
C. Constraint relations
For convenience, all constraint relations are discussed in the unitary gauge. Hence, most of the conclusions in Sec.
III B are also right, if the relations in Table II are adopted. One difference is the EOMs [34]. The EOMs in the HLS
approach are
Dµαˆ⊥
µ = −i(a− 1)[αˆ‖µ, αˆ⊥
µ]− i
4
F 2χ
F 2pi
(
χˆ− − 1
Nf
〈χˆ−〉
)
+O(p4)
Dµαˆ‖
µ = O(p4)
DνV
νµ = g2F 2σ αˆ‖
µ +O(p4). (43)
For V µν , with the definition in Eq. (35), a relation likes Bianchi identity can be obtained
DρV µν +DµV νρ +DνV ρµ = 0. (44)
Now, all linear relations in the HLS approach are given.
VI. RESULTS OF CHIRAL LAGRANGIANS WITH VECTOR MESONS
The leading order chiral Lagrangians with vector mesons were obtained more than 30 years ago [25–27]. We will
discuss the higher-order ones. However, the higher order chiral Lagrangians contain a lot of terms. If the calculation
8is done by hand, some linear relations are easy to miss. Hence, all the calculations are done by computer. The idea is
that each building block is numbered by a different integer first. Through this step, the symbolic problem is changed
into a numerical problem. It is more easily solved by computer. Second, all terms transform into standard forms.
Thirdly, all linear relations are used term by term. It can ensure that none of the relations are missing. Finally, using
linear algebra, the independent terms can be picked out [64–66].
A. NLO
In Appendix A, Table IV lists the chiral Lagrangians with vector mesons at the NLO in the vector-field approach.
In the two-flavor case, there are a total of 81 terms, including 61 normal terms and 20 anomalous terms. In the
three-flavor case, there are a total of 185 terms, including 116 normal terms and 69 anomalous terms.
For the tensor-field approach, the results are given in Table 1 in Ref. [59]. With the linear relations in Eq. (22),
there exist other four more relations,
OV20 .= 2OV17 − 2OV18 +OV19, OV15 .= OV10 −OV13 −OV19, OV21 .= 0, OV22 .= 0, (45)
where OVi represents the i-th term in Table 1 in Ref. [59]. The terms in the left-hand side of Eq. (45) are not
independent and can be removed.
For the HLS approach, we repeat the results in Refs. [31, 34], but there also exists a correction. For the three-flavor
normal terms, with Cayley-Hamilton relation (19), y17 term in Ref. [34] has the following relation to the other terms,
Y17 =2Y6 + 2Y7 + Y8 + Y15 + Y16, (46)
where Yi is the term related to yi. The reason is that Eq. (19) is more general, Refs. [31, 34] only adopt a special
form.
For the three-flavor anomalous terms, some literature has given a similar result with different building blocks
[30, 34, 63, 67, 68]. With these different building blocks, the results are
LH,A,4 = Nc
16π2
[
c1 iεµνρσ〈αˆLµαˆLναˆLραˆRσ − αˆRµαˆRναˆRραˆLσ〉+ c2 iεµνρσ〈αˆLµαˆRναˆLραˆRσ〉
+ c3 εµνρσ〈FV µν(αˆLραˆRσ − αˆRραˆLσ)〉+ c4
2
εµνρσ〈FˆLµν(αˆLραˆRσ − αˆRραˆLσ)− FˆRµν(αˆRραˆLσ − αˆLραˆRσ)〉
]
. (47)
With the building blocks in this paper, the results are
LH,A,4 = B1 iεµνλρ〈αˆ⊥µαˆ⊥ναˆ⊥λαˆ‖ρ〉+ B2 εµνλρ(〈αˆ⊥µαˆ‖ν Vˆλρ〉+ 〈αˆ⊥µVˆλραˆ‖ν〉)
+ B3 εµνλρ(〈αˆ⊥µαˆ‖νVλρ〉+ 〈αˆ⊥µVλραˆ‖ν〉) + B4 iεµνλρ〈αˆ⊥µαˆ‖ναˆ‖λαˆ‖ρ〉. (48)
These two sets of building blocks have the following relations
αˆL
µ = αˆ‖
µ − αˆ⊥µ, αˆRµ = αˆ‖µ + αˆ⊥µ, εµνρσFV µν =
1
2
εµνρσV
µν , (49)
εµνρσFˆL
µν
=
1
2
εµνρσ(Vˆ
µν − Aˆ µν), εµνρσFˆRµν = 1
2
εµνρσ(Vˆ
µν + Aˆ µν). (50)
The relations of the LECs are
B1 = Nc
16π2
(−4c1 + 4c2), B2 = − Nc
16π2
c4, B3 = − Nc
16π2
c3, B4 = Nc
16π2
(−4c1 − 4c2). (51)
B. NNLO
In the vector-field approach, the numbers of independent terms in the NLO are very large. Although the calculation
in the NNLO has no problems, we consider the numbers of terms are too large and do not give them. This also indicates
an advantage of the tensor-field approach. It gives less term than the vector-field approach. Hence, this section only
gives the results in the tensor-field and the HLS approaches.
The NNLO results are also presented in Appendix A. Table V lists the results in the tensor-field approach. For the
HLS approach, a part of the chiral Lagrangians is related to the pseudoscalar mesonic chiral Lagrangians. With the
relations in Table II, this part of the Lagrangians can be obtained from Refs. [7, 8] directly. In order to save space, we
do not represent this part obviously. Table VI lists the NNLO chiral Lagrangians in the HLS approach. The numbers
of these chiral Lagrangians are listed in Table III.
9TABLE III. The numbers of the NNLO chiral Lagrangians with vector mesons in the tensor-field and the HLS approaches. For
the HLS approach, the terms which are similar to those in the pseudoscalar mesonic chiral Lagrangians [7, 8] are ignored.
Flavor SU(2) SU(3)
Approach Tensor HLS Tensor HLS
Normal 396 228 846 495
Anomaly 177 173 676 251
Total 573 401 1522 746
VII. RELATIONS WITH PSEUDOSCALAR MESONIC CHIRAL LAGRANGIAN AT THE TREE
LEVEL
If the vector mesonic chiral perturbation theory is regarded as a higher-energy theory, one can integrate the vector
fields to obtain the pseudoscalar mesonic chiral Lagrangians. Ref. [69] has given the results at the NNLO in the
tensor-field approach. Ref. [42] has studied the problem by the first order formalism. This section discusses the HLS
Lagrangian at the tree level. A part of calculation is done by Cadabra [70, 71].
Ref. [33] has obtained the relations between the NLO pseudoscalar mesonic LECs and the LECs in the HLS
approach at the tree level. The method can be extended to the NNLO without any change. Integrating out the
vector mesons in the HLS Lagrangian seems a little complex. An equivalent method is to substitute the EOM for the
vector mesons into the Lagrangian. Since this work needs to obtain the pseudoscalar mesonic chiral Lagrangians at
the NNLO, the EOM for the vector mesons only needs to expand to the leading order. In other words, Eq. (43) is
enough. The other relations without vector mesons are already given in Table II. Substituting these relations into the
HLS Lagrangian, the relations between the pseudoscalar mesonic and HLS LECs can be obtained. In the calculation,
not all of the leading order or the NLO HLS chiral Lagrangians have an impact on the NNLO pseudoscalar mesonic
chiral Lagrangians, only the following terms need to be considered
Fσ
2〈αˆ‖µαˆ‖µ〉 −
1
2g2
〈VµνV µν〉+ w5
F 2χ
F 2pi
〈(αˆ‖µαˆ⊥
µ − αˆ⊥µαˆ‖µ)χˆ−〉+ iz4〈Vµν αˆ⊥µαˆ⊥ν〉 − iz8〈Aˆµν(αˆ⊥µαˆ‖ν + αˆ‖µαˆ⊥ν)〉,
(52)
where Fχ = Fpi at the tree level [33, 34]. Although there are many terms in Talbe VI, only a few terms contain V
µν
have an impact on the results.
The final results are presented in Appendix B, where C¯i represents the i-th LECs in the SU(n) column in Table 2
in Ref. [7]. Di represents the i-th LECs in the n column in Table VI. KWi and cWi have the same meanings as those in
Ref. [8]. As in Sec. VIB, Appendix B does not contain the LECs from the terms similar to those in the pseudoscalar
mesonic chiral Lagrangians. These relations are easily obtained by Table II. Although the relations in Appendix B
are in SU(n) group, one can use Cayley-Hamilton relations in Refs. [7, 8, 72] to change the results in SU(3) and
SU(2) groups respectively. Not all the LECs are listed in Appendix B. The missing ones are zeros. It indicates that
the vector mesons only contribute to a limited part of the pseudoscalar mesonic LECs at the tree level. Of course,
this has already arisen at the NLO [34].
VIII. RELATIONS BETWEEN THE HLS AND THE TENSOR-FIELD APPROACHES
Although there exist several approaches to introduce the vector mesons in chiral perturbation theory, they are not
irrelevant. Section VII has integrated the vector mesons. The weak equivalence is easily found at the NNLO. As the
discussion in the introduction, the relation between the vector-field and the tensor-field approaches has been studied.
This section will give a simple discussion about the relationship between the HLS and the tensor-field approaches.
The strict relations are related to n-vector-meson vertexes, but we have only discussed one-vector-meson vertexes in
the tensor-field method. Hence, the conclusion is not complete.
The relations between the HLS approach and the tensor-field approach have been obtained through an auxiliary
field method [32]. The idea is that an additional term
1
2
κ2〈(Vµ − a‖µ −
1
κ
DνWνµ)(V
µ − aµ‖ −
1
κ
DλW
λµ)〉 (53)
is added to the chiral Lagrangian in the tensor-field approach, and thenWµν field is integrated to obtain the Lagrangian
in the HLS approach. κ is just an arbitrary parameter. Operators corresponding to four-point vertices in results are
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ignored in Ref. [31]. When the four-point vertices are considered, the complete results are
a =
κ2
2F 2pi
, g =
√
2MV
κ
, z1 = − (κ−
√
2FV )
2
4M2V
, z3 =
κ(κ−√2FV )
2M2V
, z4 =
κ(κ− 2√2GV )
M2V
,
z5 = − κ
2
M2V
, z6 = − (κ−
√
2FV )(κ− 2
√
2GV )
M2V
, z7 =
κ(κ−√2FV )
M2V
,
y1 = −y2 = − (κ− 2
√
2GV )
2
2M2V
, y3 = −y4 = − κ
2
2M2V
, y6 = −y7 = −κ(κ− 2
√
2GV )
M2V
,
(54)
where FV and GV are the leading order LECs in the tensor-field approach, zi and yi are the NLO LECs in the HLS
approach. The results related to yi(i = 1, · · · , 7) are not presented in Ref. [32]. Eq. (54) manifests that the terms at
the leading order in the tensor-field approach are related to a part of the NLO terms in the HLS approach. However,
if the method is extended to the NLO in the tensor-field approach, no more NLO terms are obtained in the HLS
approach. There are two reasons for this problem. The first one is that the auxiliary-field term (53) is not unique.
Only a quadratic term with vector sources is considered. To the higher order, the higher order terms with vector
source and the other external sources are needed. However, these terms are hard to integrate. The second reason is
that only one-vector vertexes are considered in the tensor-field approach, but the HLS Lagrangian contains n-vector
vertexes. Although some NLO terms can be obtained in Eq. (54), these terms are related to the leading order LECs
in the tensor-field approach. They are obviously not independent at the NLO. In other words, if the tensor-field
and the HLS approach are strong equivalence, the numbers of LECs in these two approaches need to be equal. Of
course, with the auxiliary field method [32], all terms in the tensor-field approach have corresponding terms in the
HLS approach.
Some terms in the HLS approach are not obtained in Eq. (54). We will discuss which terms are related to the
following terms,
〈αˆ‖µαˆ⊥
µ〉〈αˆ‖ναˆ⊥
ν〉, 〈αˆ‖µαˆ‖ν〉〈αˆ⊥
µαˆ⊥
ν〉, 〈(αˆ‖µαˆ⊥
µ − αˆ⊥µαˆ‖µ)χˆ−〉. (55)
Their LECs are y14, y15 and w5, respectively. The method is very similar to that in Ref. [32], but the derivation
is from the HLS method to the tensor-field method. To simplify the calculation, we only consider the Lagrangian
includes the kinetic term and some related terms, other irrelevant terms to this problem are ignored. The Lagrangian
is
LHLS =F 2σ 〈αˆ‖µαˆ‖µ〉 −
1
2g2
〈VµνV µν〉+ y14〈αˆ‖µαˆ⊥µ〉〈αˆ‖ν αˆ⊥ν〉+ y15〈αˆ‖µαˆ‖ν〉〈αˆ⊥µαˆ⊥ν〉
+ w5〈(αˆ‖µαˆ⊥µ − αˆ⊥µαˆ‖µ)χˆ−〉+ · · · , (56)
where “· · · ” denotes the irrelevant terms. Introducing an auxiliary field Wµν into the above Lagrangian, the result
is
L′HLS = LHLS + 1
2g2t2
〈(Wµν + tVµν)(Wµν + tV µν)), (57)
where t is an artificial parameter, and the dynamics of the system is not changed. After integrating the vector field
Kµ in the HLS approach, the result is
L′T =−
1
g4t2F 2σ
〈∇ρW ρµ∇σWσµ〉+ 1
2g2t2
〈WµνWµν〉+ 1
2g2t
〈Wµνfµν+ 〉+
1
4g2t
i〈Wµν [uµ, uν] 〉
− w5
2g2tF 2σ
〈Wµν [uµ,∇νχ−] 〉 − w5
4g2tF 2σ
〈Wµν [fµν− , χ−] 〉+
y15
4g4t2F 4σ
〈uµuν〉〈∇ρW ρµ∇σW σν〉
+
y14
4g4t2F 4σ
〈uµ∇ρW ρµ〉〈uν∇σW σν〉+ 2
g8t3F 4σ
i〈∇ρW ρµWµν∇σW σν〉
+
w5
2g4t2F 4σ
〈∇ρW ρµ[Wµν , uνχ− − χ−uν ]〉+ · · · , (58)
where ”· · · ” represents the pseudoscalar terms and the higher-order terms, which are not relevant to this discussion.
The first six terms correspond to the following Lagrangian in the tensor-field approach [25, 59]
LT =− 1
2
〈∇ρW ρµ∇σWσµ〉+ M
2
V
4
〈WµνWµν〉+ 1
2
√
2
FV 〈Wµνfµν+ 〉+
1
2
√
2
GV i〈Wµν [uµ, uν ] 〉
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+D10〈Wµν [uµ,∇νχ−] 〉+D20〈Wµν [fµν− , χ−] 〉, (59)
where D10 and D20 are the i-th LECs in the NLO Lagrangians in the tensor-field approach (Table 1 in Ref. [59]).
Comparing Eqs. (58) and (59), the following relations are obtained
t =
√
2
g2Fσ
, MV = gFσ, FV = Fσ, GV =
Fσ
2
. (60)
These relations are consistent with the results in Refs. [25, 32]. KSRF I relation FV = 2GV can also be obtained from
them. In Eq. (59), y14 and y15 are related to 〈uµ∇ρW ρµ〉〈uν∇σW σν〉 and 〈uµuν〉〈∇ρW ρµ∇σW σν〉, respectively. It
indicates that y14 and y15 terms are related to two-vector vertexes. w5 is related to 〈Wµν [uµ,∇νχ−] 〉, 〈Wµν [fµν− , χ−] 〉
and 〈∇ρW ρµ[Wµν , uνχ− − χ−uν ]〉. The last term also contains two-vector vertex. w5 term combines one- and two-
vector terms together. This is a general conclusion. In other words, one term in the HLS approach could be related to
more than one term with different numbers of vectors in the tensor-field approach. This simple example indicates that
some terms in the HLS approach are related to n-vector vertexes term in the tensor-field approach. This conclusion
can be seen directly from the HLS Lagrangian too, since one aˆ‖ contains one vector field. Hence, the whole equivalence
needs consider all number of vector vertexes.
IX. CONCLUSIONS
In this work, the chiral Lagrangians with vector mesons are constructed at the NLO in the vector-field approach.
The Lagrangian is also constructed at the NNLO in the tensor-field and the HLS approaches. Both the normal and
the anomalous parts are considered. Some extra constraint conditions are also obtained in the tensor-field and the
HLS approaches at the NLO. With these new constraint conditions, some terms in literature are linear dependent and
need be removed. After integrating the vector field, the correspondences between the NNLO LECs of the pseudoscalar
mesonic Lagrangian and the LECs in the HLS approach are obtained at the tree level. Finally, the equivalent relations
between the HLS and the tensor-field approaches are discussed. The full equivalence needs consider all numbers of
vector vertexes. In this work, we only consider one-vector vertexes in the tensor approach. The full discussion is
complex and will be studied in the future.
Although the high order chiral Lagrangian contains many terms, for a special problem, not all of them are needed.
If one uses vector mesonic chiral Lagrangian to study pseudoscalar mesons, very few terms are relevant, such as the
discussion in Sec. VIII. At present, some complex computations can also be done by computer. The complexity seems
not very important now.
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Appendix A: Some chiral Lagrangians with vector meson at the NLO and NNLO order with different
approaches
TABLE IV: The NLO chiral Lagrangians with vector mesons in the
vector-field approach.
Pn SU(2) SU(3) Pn SU(2) SU(3)
i〈V µuµu
νuλf−νλ〉+H.c. 1 1 〈∇
µχ+〉〈V
νf+µν〉 53 94
i〈V µuνuµu
λf−νλ〉+H.c. 2 2 i〈V
µχ+∇µχ+〉+H.c. 54 95
i〈V µuνuνu
λf−µλ〉+H.c. 3 3 〈V
µuµu
νuνχ−〉+H.c. 55 96
i〈V µuνuλuµf−νλ〉+H.c. 4 〈V
µuνuµuνχ−〉+H.c. 97
i〈V µuνuλuνf−µλ〉+H.c. 4 5 〈V
µuνuνuµχ−〉+H.c. 98
i〈V µuνuλuλf−µν〉+H.c. 6 〈V
µuµu
νχ−uν〉+H.c. 99
i〈V µuµu
νuλhνλ〉+H.c. 5 7 〈V
µuνuµχ−uν〉+H.c. 100
i〈V µuνuµu
λhνλ〉+H.c. 6 8 〈u
µχ−〉〈V
νuνuµ〉+H.c. 101
12
Pn SU(2) SU(3) Pn SU(2) SU(3)
i〈V µuνuνu
λhµλ〉+H.c. 7 9 〈χ−〉〈V
µuµu
νuν〉+H.c. 102
i〈V µuνuλuµhνλ〉+H.c. 10 〈V
µ∇νf−µνχ−〉+H.c. 56 103
i〈V µuνuλuνhµλ〉+H.c. 8 11 i〈V
µf+µ
νuνχ−〉+H.c. 57 104
i〈V µuνuλuλhµν〉+H.c. 12 i〈V
µf+µ
νχ−uν〉+H.c. 58 105
i〈V µuµu
νf−ν
λuλ〉+H.c. 9 13 i〈V
µuνf+µνχ−〉+H.c. 106
i〈V µuνuµf−ν
λuλ〉+H.c. 14 i〈V
µf+µ
ν〉〈uνχ−〉 59 107
i〈V µuνuνf−µ
λuλ〉+H.c. 15 i〈χ−〉〈V
µf+µ
νuν〉+H.c. 108
i〈V µuνuλf−µνuλ〉+H.c. 10 16 i〈V
µuν〉〈f+µνχ−〉 109
i〈V µuνuλf−µλuν〉+H.c. 17 〈V
µuµχ+χ−〉+H.c. 60 110
i〈V µuνuλf−νλuµ〉+H.c. 18 〈V
µuµχ−χ+〉+H.c. 111
i〈V µuµu
νhν
λuλ〉+H.c. 11 19 〈V
µχ+uµχ−〉+H.c. 61 112
i〈V µuνuµhν
λuλ〉+H.c. 20 〈χ−〉〈V
µuµχ+〉+H.c. 113
i〈V µuνuνhµ
λuλ〉+H.c. 21 〈χ+〉〈V
µuµχ−〉+H.c. 114
i〈V µuνuλhµνuλ〉+H.c. 12 22 i〈∇
µ∇νV λuµf−νλ〉+H.c. 115
i〈V µuνuλhµλuν〉+H.c. 23 i〈∇
µ∇νV λuµhνλ〉+H.c. 116
i〈V µuνuλhνλuµ〉+H.c. 24 iε
µνλρ〈Vµuνuλuρu
σuσ〉+H.c. 117
i〈V µuµ〉〈u
νuλf−νλ〉 25 iε
µνλρ〈Vµuνuλu
σuρuσ〉+H.c. 118
i〈V µuν〉〈uµu
λf−νλ〉+H.c. 26 iε
µνλρ〈Vµuνuλu
σuσuρ〉+H.c. 119
i〈V µuν〉〈uνu
λf−µλ〉+H.c. 27 iε
µνλρ〈Vµuνu
σuλuρuσ〉+H.c. 120
i〈V µuν〉〈uµu
λhνλ〉+H.c. 28 iε
µνλρ〈Vµuνu
σuλuσuρ〉 121
i〈V µuν〉〈uνu
λhµλ〉+H.c. 29 iε
µνλρ〈Vµu
σuνuλuρuσ〉 122
i〈V µf−
νλ〉〈uµuνuλ〉 30 iε
µνλρ〈Vµuν〉〈uλuρu
σuσ〉 123
i〈V µf−µ
ν∇λf−νλ〉+H.c. 13 31 iε
µνλρ〈Vµu
σ〉〈uνuλuρuσ〉 124
i〈V µf−
νλ∇µf−νλ〉+H.c. 14 32 iε
µνλρ〈Vµuνuλ∇
σf−ρσ〉+H.c. 125
i〈V µf−
νλ∇νf−µλ〉+H.c. 15 33 iε
µνλρ〈Vµuνu
σ∇λf−ρσ〉+H.c. 126
i〈V µ∇νf−µ
λhνλ〉+H.c. 16 34 iε
µνλρ〈Vµuνu
σ∇σf−λρ〉+H.c. 127
i〈V µ∇νf−ν
λhµλ〉+H.c. 17 35 iε
µνλρ〈Vµu
σuν∇λf−ρσ〉+H.c. 128
i〈V µf−µ
ν∇λhνλ〉+H.c. 18 36 iε
µνλρ〈Vµu
σuν∇σf−λρ〉+H.c. 129
i〈V µf−
νλ∇νhµλ〉+H.c. 19 37 iε
µνλρ〈Vµu
σuσ∇νf−λρ〉+H.c. 130
i〈V µhµ
ν∇λhνλ〉+H.c. 20 38 iε
µνλρ〈Vµuνuλ∇
σhρσ〉+H.c. 131
i〈V µhνλ∇µhνλ〉+H.c. 21 39 iε
µνλρ〈Vµuνu
σ∇λhρσ〉+H.c. 132
i〈V µhνλ∇νhµλ〉+H.c. 22 40 iε
µνλρ〈Vµu
σuν∇λhρσ〉+H.c. 133
i〈V µuν∇ν∇
λf−µλ〉+H.c. 23 41 iε
µνλρ〈V σuµuν∇λhρσ〉+H.c. 134
i〈V µuµ∇
ν∇λhνλ〉+H.c. 24 42 iε
µνλρ〈Vµuν∇λf−ρ
σuσ〉+H.c. 135
i〈V µuν∇ν∇
λhµλ〉+H.c. 25 43 iε
µνλρ〈Vµuν∇
σf−λρuσ〉+H.c. 136
〈V µ∇µf+
νλuνuλ〉+H.c. 26 44 iε
µνλρ〈Vµuν∇
σf−λσuρ〉 137
〈V µ∇νf+µνu
λuλ〉+H.c. 27 45 iε
µνλρ〈Vµuνf−λ
σf−ρσ〉+H.c. 138
〈V µ∇νf+µ
λuνuλ〉+H.c. 28 46 iε
µνλρ〈Vµu
σf−νλf−ρσ〉+H.c. 139
〈V µ∇νf+ν
λuµuλ〉+H.c. 29 47 iε
µνλρ〈Vµu
σf−νσf−λρ〉+H.c. 140
〈V µ∇νf+ν
λuλuµ〉+H.c. 30 48 iε
µνλρ〈Vµuνf−λ
σhρσ〉+H.c. 141
〈V µf+µ
νuλf−νλ〉+H.c. 31 49 iε
µνλρ〈Vµu
σf−νλhρσ〉+H.c. 142
〈V µf+
νλuµf−νλ〉+H.c. 32 50 iε
µνλρ〈Vµuν∇λhρ
σuσ〉+H.c. 143
〈V µf+
νλuνf−µλ〉+H.c. 33 51 iε
µνλρ〈Vµuν∇
σhλσuρ〉 144
〈V µf+µ
νuλhνλ〉+H.c. 34 52 iε
µνλρ〈V σuµ∇νhλσuρ〉 145
〈V µf+
νλuνhµλ〉+H.c. 35 53 iε
µνλρ〈Vµuνhλ
σf−ρσ〉+H.c. 146
〈V µf+µ
νf−ν
λuλ〉+H.c. 36 54 iε
µνλρ〈Vµu
σhνσf−λρ〉+H.c. 147
〈V µf+
νλf−µνuλ〉+H.c. 37 55 iε
µνλρ〈V σuµhνσf−λρ〉+H.c. 148
〈V µf+
νλf−νλuµ〉+H.c. 38 56 iε
µνλρ〈Vµuνhλ
σhρσ〉+H.c. 149
〈V µf+µ
νhν
λuλ〉+H.c. 39 57 iε
µνλρ〈Vµf−νλu
σf−ρσ〉+H.c. 150
〈V µuµ∇
νf+ν
λuλ〉+H.c. 40 58 iε
µνλρ〈Vµf−ν
σuλf−ρσ〉 151
〈V µuν∇νf+µ
λuλ〉+H.c. 41 59 iε
µνλρ〈Vµf−νλu
σhρσ〉+H.c. 152
〈V µuν∇λf+µλuν〉 42 60 iε
µνλρ〈Vµf−ν
σuλhρσ〉+H.c. 153
〈V µuνf+ν
λf−µλ〉+H.c. 43 61 ε
µνλρ〈Vµf+νλuρu
σuσ〉+H.c. 62 154
〈V µuνf+ν
λhµλ〉+H.c. 44 62 ε
µνλρ〈Vµf+νλu
σuρuσ〉+H.c. 63 155
〈V µ∇νf+µν〉〈u
λuλ〉 63 ε
µνλρ〈Vµf+ν
σuλuρuσ〉+H.c. 64 156
〈V µ∇νf+µ
λ〉〈uνuλ〉 64 ε
µνλρ〈Vµf+νλ〉〈uρu
σuσ〉 157
〈V µ∇νf+ν
λ〉〈uµuλ〉 65 ε
µνλρ〈Vµuν〉〈f+λρu
σuσ〉 158
〈V µf+µ
ν〉〈uλf−νλ〉 66 ε
µνλρ〈Vµuν〉〈f+λ
σuρuσ〉+H.c. 159
〈V µf+
νλ〉〈uµf−νλ〉 67 ε
µνλρ〈Vµu
σ〉〈f+νλuρuσ〉+H.c. 160
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〈V µf+
νλ〉〈uνf−µλ〉 68 ε
µνλρ〈Vµ∇ν∇
σf+λρuσ〉+H.c. 161
〈V µf+µ
ν〉〈uλhνλ〉 69 ε
µνλρ〈Vµ∇ν∇
σf+λσuρ〉+H.c. 65 162
〈V µf+
νλ〉〈uνhµλ〉 70 ε
µνλρ〈Vµ∇
σ∇σf+νλuρ〉+H.c. 163
〈V µuµ〉〈∇
νf+ν
λuλ〉 71 ε
µνλρ〈Vµf+νλ∇
σf−ρσ〉+H.c. 66 164
〈V µuν〉〈∇µf+ν
λuλ〉 72 ε
µνλρ〈Vµf+ν
σ∇λf−ρσ〉+H.c. 67 165
〈V µuµ〉〈f+
νλf−νλ〉 73 ε
µνλρ〈Vµf+ν
σ∇σf−λρ〉+H.c. 68 166
〈V µuν〉〈f+µ
λf−νλ〉 74 ε
µνλρ〈Vµ∇νf+λ
σf−ρσ〉+H.c. 69 167
〈V µuν〉〈f+ν
λf−µλ〉 75 ε
µνλρ〈Vµf+νλ∇
σhρσ〉+H.c. 70 168
〈V µuν〉〈f+µ
λhνλ〉 76 ε
µνλρ〈Vµf+ν
σ∇λhρσ〉+H.c. 71 169
i〈V µf+µ
ν∇λf+νλ〉+H.c. 45 77 ε
µνλρ〈V σf+µν∇λhρσ〉+H.c. 72 170
i〈V µf+
νλ∇µf+νλ〉+H.c. 46 78 iε
µνλρ〈Vµuνuλuρχ+〉+H.c. 73 171
i〈V µuνf−µνχ+〉+H.c. 47 79 iε
µνλρ〈Vµuνuλχ+uρ〉+H.c. 172
i〈V µuνχ+f−µν〉+H.c. 80 iε
µνλρ〈Vµuν〉〈uλuρχ+〉 173
i〈V µf−µ
νuνχ+〉+H.c. 81 iε
µνλρ〈uµχ+〉〈Vνuλuρ〉 174
i〈V µuνhµνχ+〉+H.c. 48 82 iε
µνλρ〈χ+〉〈Vµuνuλuρ〉 175
i〈V µuνχ+hµν〉+H.c. 83 iε
µνλρ〈Vµ∇νf−λρχ+〉+H.c. 74 176
i〈V µhµ
νuνχ+〉+H.c. 84 iε
µνλρ〈Vµf−νλ∇ρχ+〉+H.c. 75 177
i〈V µuµu
ν∇νχ+〉+H.c. 49 85 ε
µνλρ〈Vµf+νλuρχ+〉+H.c. 76 178
i〈V µuνuµ∇νχ+〉+H.c. 86 ε
µνλρ〈Vµf+νλχ+uρ〉+H.c. 77 179
i〈V µuµ∇
νχ+uν〉+H.c. 87 ε
µνλρ〈Vµf+νλ〉〈uρχ+〉 78 180
i〈χ+〉〈V
µuνf−µν〉+H.c. 88 ε
µνλρ〈χ+〉〈Vµf+νλuρ〉+H.c. 181
i〈χ+〉〈V
µuνhµν〉+H.c. 89 ε
µνλρ〈Vµuν〉〈f+λρχ+〉 182
i〈∇µχ+〉〈V
νuνuµ〉+H.c. 90 ε
µνλρ〈Vµuνf−λρχ−〉+H.c. 79 183
〈V µ∇νf+µνχ+〉+H.c. 50 91 ε
µνλρ〈Vµuνuλ∇ρχ−〉+H.c. 80 184
〈V µf+µ
ν∇νχ+〉+H.c. 51 92 iε
µνλρ〈Vµf+νλ∇ρχ−〉+H.c. 81 185
〈χ+〉〈V
µ∇νf+µν〉 52 93
TABLE V: The NNLO chiral Lagrangians with vector meson in tensor-
field approach
Pn SU(2) SU(3) Pn SU(2) SU(3)
i〈W µνuµuνu
λuλu
ρuρ〉+H.c. 1 1 〈W
µνf−µ
λ〉〈uνuλχ−〉+H.c. 769
i〈W µνuµuνu
λuρuλuρ〉+H.c. 2 2 〈W
µν∇λχ−〉〈uµuνuλ〉 770
i〈W µνuµuνu
λuρuρuλ〉+H.c. 3 〈W
µνχ−〉〈uµu
λf−νλ〉+H.c. 771
i〈W µνuµu
λuνuλu
ρuρ〉+H.c. 3 4 〈W
µν∇µf−ν
λ∇λχ−〉+H.c. 349 772
i〈W µνuµu
λuνu
ρuλuρ〉+H.c. 4 5 〈W
µν∇λf−µν∇λχ−〉+H.c. 350 773
i〈W µνuµu
λuλuνu
ρuρ〉+H.c. 6 〈W
µν∇λf−µλ∇νχ−〉+H.c. 351 774
i〈W µνuµu
λuνu
ρuρuλ〉+H.c. 7 〈W
µν∇µhν
λ∇λχ−〉+H.c. 352 775
i〈W µνuµu
λuλu
ρuνuρ〉+H.c. 8 〈W
µν∇µ∇
λf−νλχ−〉+H.c. 353 776
i〈W µνuµu
λuρuνuλuρ〉+H.c. 9 〈W
µν∇λ∇λf−µνχ−〉+H.c. 354 777
i〈W µνuµu
λuρuνuρuλ〉+H.c. 10 〈W
µνf−µν∇
λ∇λχ−〉+H.c. 355 778
i〈W µνuµu
λuλu
ρuρuν〉 11 〈W
µνf−µ
λ∇ν∇λχ−〉+H.c. 356 779
i〈W µνuµu
λuρuλuνuρ〉+H.c. 12 〈W
µνhµ
λ∇ν∇λχ−〉+H.c. 357 780
i〈W µνuµu
λuρuλuρuν〉 13 〈W
µνuµ∇ν∇
λ∇λχ−〉+H.c. 358 781
i〈W µνuµu
λuρuρuνuλ〉+H.c. 14 i〈W
µνf+µνu
λ∇λχ−〉+H.c. 359 782
i〈W µνuµu
λuρuρuλuν〉 15 i〈W
µνf+µ
λuν∇λχ−〉+H.c. 360 783
i〈W µνuλuµuνuλu
ρuρ〉+H.c. 16 i〈W
µνf+µ
λuλ∇νχ−〉+H.c. 361 784
i〈W µνuλuµuνu
ρuλuρ〉+H.c. 17 i〈W
µν∇µf+ν
λuλχ−〉+H.c. 362 785
i〈W µνuλuµuλuνu
ρuρ〉+H.c. 18 i〈W
µν∇λf+µλuνχ−〉+H.c. 363 786
i〈W µνuλuµuλu
ρuνuρ〉 19 i〈W
µνf+µ
λf−νλχ−〉+H.c. 364 787
i〈W µνuλuµu
ρuνuλuρ〉+H.c. 20 i〈W
µνf+µν∇
λχ−uλ〉+H.c. 365 788
i〈W µνuλuµu
ρuνuρuλ〉+H.c. 21 i〈W
µνf+µ
λ∇νχ−uλ〉+H.c. 366 789
i〈W µνuλuµu
ρuλuνuρ〉 22 i〈W
µνf+µ
λ∇λχ−uν〉+H.c. 367 790
i〈W µνuλuµu
ρuρuνuλ〉 23 i〈W
µν∇µf+ν
λχ−uλ〉+H.c. 368 791
i〈W µνuλuλuµuνu
ρuρ〉 24 i〈W
µν∇λf+µλχ−uν〉+H.c. 369 792
i〈W µνuλuρuµuνuλuρ〉 25 i〈W
µνf+µ
λχ−f−νλ〉+H.c. 370 793
i〈W µνuλ〉〈uµuνuλu
ρuρ〉+H.c. 26 i〈W
µνuµf+ν
λ∇λχ−〉+H.c. 371 794
i〈W µνuµuνu
λ∇ρf−λρ〉+H.c. 5 27 i〈W
µνuλf+µν∇λχ−〉+H.c. 372 795
i〈W µνuµu
λuν∇
ρf−λρ〉+H.c. 6 28 i〈W
µνuλf+µλ∇νχ−〉+H.c. 373 796
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i〈W µνuµu
λuλ∇
ρf−νρ〉+H.c. 7 29 i〈W
µνuµ∇
λf+νλχ−〉+H.c. 374 797
i〈W µνuµu
λuρ∇νf−λρ〉+H.c. 8 30 i〈W
µνuλ∇µf+νλχ−〉+H.c. 375 798
i〈W µνuµu
λuρ∇λf−νρ〉+H.c. 9 31 i〈W
µνf−µ
λf+νλχ−〉+H.c. 376 799
i〈W µνuµu
λuρ∇ρf−νλ〉+H.c. 10 32 i〈f+
µν〉〈Wµνu
λ∇λχ−〉+H.c. 377
i〈W µνuλuµuν∇
ρf−λρ〉+H.c. 33 i〈f+
µν〉〈Wµ
λuν∇λχ−〉+H.c. 378
i〈W µνuλuµuλ∇
ρf−νρ〉+H.c. 11 34 i〈f+
µν〉〈Wµ
λuλ∇νχ−〉+H.c. 379
i〈W µνuλuµu
ρ∇νf−λρ〉+H.c. 12 35 i〈∇
µf+µ
ν〉〈Wν
λuλχ−〉+H.c. 380
i〈W µνuλuµu
ρ∇λf−νρ〉+H.c. 13 36 i〈∇
µf+
νλ〉〈Wµνuλχ−〉+H.c. 381
i〈W µνuλuµu
ρ∇ρf−νλ〉+H.c. 14 37 i〈f+
µν〉〈Wµ
λf−νλχ−〉+H.c. 382
i〈W µνuλuλuµ∇
ρf−νρ〉+H.c. 38 i〈W
µνf+µν〉〈u
λ∇λχ−〉 800
i〈W µνuλuλu
ρ∇µf−νρ〉+H.c. 15 39 i〈W
µνf+µ
λ〉〈uν∇λχ−〉 801
i〈W µνuλuρuµ∇νf−λρ〉+H.c. 40 i〈W
µνf+µ
λ〉〈uλ∇νχ−〉 802
i〈W µνuλuρuµ∇λf−νρ〉+H.c. 41 i〈W
µν∇µf+ν
λ〉〈uλχ−〉 803
i〈W µνuλuλu
ρ∇ρf−µν〉+H.c. 16 42 i〈W
µν∇λf+µλ〉〈uνχ−〉 804
i〈W µνuλuρuµ∇ρf−νλ〉+H.c. 43 i〈W
µνf+µ
λ〉〈f−νλχ−〉 805
i〈W µνuλuρuλ∇µf−νρ〉+H.c. 17 44 i〈χ−〉〈W
µν∇µf+ν
λuλ〉+H.c. 806
i〈W µνuλuρuλ∇ρf−µν〉+H.c. 18 45 i〈χ−〉〈W
µν∇λf+µλuν〉+H.c. 807
i〈W µνuλuρuρ∇µf−νλ〉+H.c. 46 i〈χ−〉〈W
µνf+µ
λf−νλ〉+H.c. 808
i〈W µνuλuρuρ∇λf−µν〉+H.c. 47 i〈∇
µχ−〉〈Wµ
νf+ν
λuλ〉+H.c. 809
i〈W µνuµu
λuρ∇νhλρ〉+H.c. 19 48 i〈∇
µχ−〉〈W
νλf+µνuλ〉+H.c. 810
i〈W µνuµu
λuρ∇λhνρ〉+H.c. 20 49 i〈∇
µχ−〉〈W
νλf+νλuµ〉+H.c. 811
i〈W µνuµu
λuρ∇ρhνλ〉+H.c. 21 50 i〈W
µνuµ〉〈f+ν
λ∇λχ−〉 812
i〈W µνuλuµu
ρ∇νhλρ〉+H.c. 22 51 i〈W
µνuλ〉〈f+µν∇λχ−〉 813
i〈W µνuλuµu
ρ∇λhνρ〉+H.c. 23 52 i〈W
µνuλ〉〈f+µλ∇νχ−〉 814
i〈W µνuλuµu
ρ∇ρhνλ〉+H.c. 24 53 i〈W
µνuµ〉〈∇
λf+νλχ−〉 815
i〈W µνuλuλu
ρ∇µhνρ〉+H.c. 25 54 i〈W
µνuλ〉〈∇µf+νλχ−〉 816
i〈W µνuλuρuµ∇νhλρ〉+H.c. 55 i〈W
µνf−µ
λ〉〈f+νλχ−〉 817
i〈W µνuλuρuµ∇λhνρ〉+H.c. 56 〈W
µνf−µνχ+χ−〉+H.c. 383 818
i〈W µνuλuρuµ∇ρhνλ〉+H.c. 57 〈W
µνf−µνχ−χ+〉+H.c. 819
i〈W µνuλuρuλ∇µhνρ〉+H.c. 26 58 〈W
µνχ+f−µνχ−〉+H.c. 384 820
i〈W µνuλuρuρ∇µhνλ〉+H.c. 59 〈W
µνuµ∇νχ+χ−〉+H.c. 385 821
i〈W µνuµuν∇
λf−λ
ρuρ〉+H.c. 27 60 〈W
µνuµχ−∇νχ+〉+H.c. 822
i〈W µνuµu
λ∇νf−λ
ρuρ〉+H.c. 28 61 〈W
µν∇µχ+uνχ−〉+H.c. 386 823
i〈W µνuµu
λ∇λf−ν
ρuρ〉+H.c. 29 62 〈W
µνuµχ+∇νχ−〉+H.c. 387 824
i〈W µνuµu
λ∇ρf−νλuρ〉+H.c. 30 63 〈W
µνuµ∇νχ−χ+〉+H.c. 825
i〈W µνuµu
λ∇ρf−νρuλ〉+H.c. 31 64 〈W
µνχ+uµ∇νχ−〉+H.c. 388 826
i〈W µνuµu
λ∇ρf−λρuν〉+H.c. 65 〈χ−〉〈W
µνf−µνχ+〉+H.c. 827
i〈W µνuλuµ∇νf−λ
ρuρ〉+H.c. 66 〈χ+〉〈W
µνf−µνχ−〉+H.c. 828
i〈W µνuλuµ∇λf−ν
ρuρ〉+H.c. 67 〈χ−〉〈W
µνuµ∇νχ+〉+H.c. 829
i〈W µνuλuµ∇
ρf−νλuρ〉+H.c. 68 〈∇
µχ+〉〈Wµ
νuνχ−〉+H.c. 830
i〈W µνuλuµ∇
ρf−νρuλ〉+H.c. 69 〈∇
µχ−〉〈Wµ
νuνχ+〉+H.c. 831
i〈W µνuλuµ∇
ρf−λρuν〉+H.c. 70 〈χ+〉〈W
µνuµ∇νχ−〉+H.c. 832
i〈W µνuλuλ∇µf−ν
ρuρ〉+H.c. 71 i〈W
µνuµuνχ
2
−〉+H.c. 389 833
i〈W µνuλuλ∇
ρf−µνuρ〉+H.c. 72 i〈W
µνuµχ−uνχ−〉+H.c. 390 834
i〈W µνuλuλ∇
ρf−µρuν〉+H.c. 73 i〈W
µνuµχ
2
−uν〉 835
i〈W µνuλuρ∇µf−νλuρ〉+H.c. 32 74 i〈W
µνχ−uµuνχ−〉 391 836
i〈W µνuλuρ∇µf−νρuλ〉+H.c. 75 i〈χ
2
−〉〈W
µνuµuν〉 837
i〈W µνuλuρ∇µf−λρuν〉+H.c. 76 i〈χ−〉〈W
µνuµuνχ−〉+H.c. 838
i〈W µνuλuρ∇λf−µνuρ〉+H.c. 33 77 i〈u
µχ−〉〈Wµ
νuνχ−〉+H.c. 839
i〈W µνuλuρ∇λf−µρuν〉+H.c. 78 i〈χ−〉〈W
µνuµχ−uν〉 840
i〈W µνuλuρ∇ρf−µνuλ〉+H.c. 79 i〈W
µν∇µχ−∇νχ−〉 392 841
i〈W µνuλuρ∇ρf−µλuν〉+H.c. 80 〈W
µνf+µνχ
2
−〉+H.c. 393 842
i〈W µνuµuνf−
λρf−λρ〉+H.c. 34 81 〈W
µνχ−f+µνχ−〉 394 843
i〈W µνuµu
λf−ν
ρf−λρ〉+H.c. 35 82 〈W
µνf+µν〉〈χ
2
−〉 395 844
i〈W µνuµu
λf−λ
ρf−νρ〉+H.c. 36 83 〈χ−〉〈W
µνf+µνχ−〉+H.c. 396 845
i〈W µνuλuµf−ν
ρf−λρ〉+H.c. 37 84 〈W
µνχ−〉〈f+µνχ−〉 846
i〈W µνuλuµf−λ
ρf−νρ〉+H.c. 85 iε
µνλρ〈Wµνuλuρu
σuδf−σδ〉+H.c. 847
i〈W µνuλuλf−µ
ρf−νρ〉+H.c. 38 86 iε
µνλρ〈Wµνuλu
σuρu
δf−σδ〉+H.c. 848
i〈W µνuλuρf−µνf−λρ〉+H.c. 39 87 iε
µνλρ〈Wµνuλu
σuσu
δf−ρδ〉+H.c. 849
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i〈W µνuλuρf−µλf−νρ〉+H.c. 40 88 iε
µνλρ〈Wµνuλu
σuδuρf−σδ〉+H.c. 850
i〈W µνuλuρf−µρf−νλ〉+H.c. 41 89 iε
µνλρ〈Wµνuλu
σuδuσf−ρδ〉+H.c. 851
i〈W µνuλuρf−λρf−µν〉+H.c. 42 90 iε
µνλρ〈Wµνuλu
σuδuδf−ρσ〉+H.c. 852
i〈W µνuµu
λf−ν
ρhλρ〉+H.c. 43 91 iε
µνλρ〈Wµνu
σuλuρu
δf−σδ〉+H.c. 853
i〈W µνuµu
λf−λ
ρhνρ〉+H.c. 44 92 iε
µνλρ〈Wµνu
σuλuσu
δf−ρδ〉+H.c. 854
i〈W µνuλuµf−ν
ρhλρ〉+H.c. 45 93 iε
µνλρ〈Wµνu
σuλu
δuρf−σδ〉+H.c. 855
i〈W µνuλuµf−λ
ρhνρ〉+H.c. 46 94 iε
µνλρ〈Wµνu
σuλu
δuσf−ρδ〉+H.c. 856
i〈W µνuλuλf−µ
ρhνρ〉+H.c. 47 95 iε
µνλρ〈Wµνu
σuλu
δuδf−ρσ〉+H.c. 857
i〈W µνuλuρf−µνhλρ〉+H.c. 48 96 iε
µνλρ〈Wµνu
σuσuλu
δf−ρδ〉+H.c. 858
i〈W µνuλuρf−µλhνρ〉+H.c. 49 97 iε
µνλρ〈Wµνu
σuδuλuρf−σδ〉+H.c. 859
i〈W µνuλuρf−µρhνλ〉+H.c. 50 98 iε
µνλρ〈Wµνu
σuδuλuσf−ρδ〉+H.c. 860
i〈W µνuµu
λ∇νhλ
ρuρ〉+H.c. 51 99 iε
µνλρ〈Wµνu
σuσu
δuλf−ρδ〉+H.c. 861
i〈W µνuµu
λ∇λhν
ρuρ〉+H.c. 52 100 iε
µνλρ〈Wµνu
σuδuλuδf−ρσ〉+H.c. 862
i〈W µνuµu
λ∇ρhνλuρ〉+H.c. 53 101 iε
µνλρ〈Wµνu
σuσu
δuδf−λρ〉+H.c. 863
i〈W µνuλuµ∇νhλ
ρuρ〉+H.c. 102 iε
µνλρ〈Wµνu
σuδuσuλf−ρδ〉+H.c. 864
i〈W µνuλuµ∇λhν
ρuρ〉+H.c. 103 iε
µνλρ〈Wµνu
σuδuσuδf−λρ〉+H.c. 865
i〈W µνuλuµ∇
ρhνλuρ〉+H.c. 104 iε
µνλρ〈Wµνu
σuδuδuλf−ρσ〉+H.c. 866
i〈W µνuλuλ∇µhν
ρuρ〉+H.c. 105 iε
µνλρ〈Wµνu
σuδuδuσf−λρ〉+H.c. 867
i〈W µνuλuρ∇µhνλuρ〉+H.c. 54 106 iε
µνλρ〈Wµνuλuρu
σuδhσδ〉+H.c. 868
i〈W µνuλuρ∇µhνρuλ〉+H.c. 107 iε
µνλρ〈Wµνuλu
σuρu
δhσδ〉+H.c. 869
i〈W µνuλuρ∇µhλρuν〉+H.c. 108 iε
µνλρ〈Wµνuλu
σuσu
δhρδ〉+H.c. 870
i〈W µνuλuρ∇λhµρuν〉+H.c. 109 iε
µνλρ〈Wµνuλu
σuδuρhσδ〉+H.c. 871
i〈W µνuλuρ∇ρhµλuν〉+H.c. 110 iε
µνλρ〈Wµνuλu
σuδuσhρδ〉+H.c. 872
i〈W µνuµu
λhν
ρf−λρ〉+H.c. 55 111 iε
µνλρ〈Wµνuλu
σuδuδhρσ〉+H.c. 873
i〈W µνuµu
λhλ
ρf−νρ〉+H.c. 56 112 iε
µνλρ〈Wµνu
σuλuρu
δhσδ〉+H.c. 874
i〈W µνuλuµhν
ρf−λρ〉+H.c. 113 iε
µνλρ〈Wµνu
σuλuσu
δhρδ〉+H.c. 875
i〈W µνuλuµhλ
ρf−νρ〉+H.c. 114 iε
µνλρ〈Wµνu
σuλu
δuρhσδ〉+H.c. 876
i〈W µνuλuλhµ
ρf−νρ〉+H.c. 115 iε
µνλρ〈Wµνu
σuλu
δuσhρδ〉+H.c. 877
i〈W µνuλuρhµλf−νρ〉+H.c. 57 116 iε
µνλρ〈Wµνu
σuλu
δuδhρσ〉+H.c. 878
i〈W µνuλuρhµρf−νλ〉+H.c. 117 iε
µνλρ〈Wµνu
σuσuλu
δhρδ〉+H.c. 879
i〈W µνuλuρhλρf−µν〉+H.c. 118 iε
µνλρ〈Wµνu
σuδuλuρhσδ〉+H.c. 880
i〈W µνuµuνh
λρhλρ〉+H.c. 58 119 iε
µνλρ〈Wµνu
σuδuλuσhρδ〉+H.c. 881
i〈W µνuµu
λhν
ρhλρ〉+H.c. 59 120 iε
µνλρ〈Wµνu
σuσu
δuλhρδ〉+H.c. 882
i〈W µνuµu
λhλ
ρhνρ〉+H.c. 60 121 iε
µνλρ〈Wµνu
σuδuλuδhρσ〉+H.c. 883
i〈W µνuλuµhν
ρhλρ〉+H.c. 61 122 iε
µνλρ〈Wµνu
σuδuσuλhρδ〉+H.c. 884
i〈W µνuλuµhλ
ρhνρ〉+H.c. 123 iε
µνλρ〈Wµνu
σuδuδuλhρσ〉+H.c. 885
i〈W µνuλuλhµ
ρhνρ〉+H.c. 62 124 iε
µνλρ〈Wµνuλuρu
σf−σ
δuδ〉+H.c. 886
i〈W µνuλuρhµλhνρ〉+H.c. 63 125 iε
µνλρ〈Wµνuλu
σuρf−σ
δuδ〉+H.c. 887
i〈W µνuλuρhµρhνλ〉+H.c. 64 126 iε
µνλρ〈Wµνuλu
σuσf−ρ
δuδ〉+H.c. 888
i〈W µνuµf−ν
λuρf−λρ〉+H.c. 65 127 iε
µνλρ〈Wµνuλu
σuδf−ρσuδ〉+H.c. 889
i〈W µνuµf−
λρuνf−λρ〉+H.c. 66 128 iε
µνλρ〈Wµνuλu
σuδf−ρδuσ〉+H.c. 890
i〈W µνuµf−
λρuλf−νρ〉+H.c. 67 129 iε
µνλρ〈Wµνuλu
σuδf−σδuρ〉+H.c. 891
i〈W µνuλf−µνu
ρf−λρ〉+H.c. 68 130 iε
µνλρ〈Wµνu
σuλuρf−σ
δuδ〉+H.c. 892
i〈W µνuλf−µ
ρuνf−λρ〉+H.c. 69 131 iε
µνλρ〈Wµνu
σuλuσf−ρ
δuδ〉+H.c. 893
i〈W µνuλf−µλu
ρf−νρ〉+H.c. 70 132 iε
µνλρ〈Wµνu
σuλu
δf−ρσuδ〉+H.c. 894
i〈W µνuλf−µ
ρuλf−νρ〉+H.c. 71 133 iε
µνλρ〈Wµνu
σuλu
δf−ρδuσ〉+H.c. 895
i〈W µνuλf−µ
ρuρf−νλ〉+H.c. 72 134 iε
µνλρ〈Wµνu
σuλu
δf−σδuρ〉+H.c. 896
i〈W µνuλf−λ
ρuµf−νρ〉+H.c. 135 iε
µνλρ〈Wµνu
σuσuλf−ρ
δuδ〉+H.c. 897
i〈W µνuλf−λ
ρuρf−µν〉+H.c. 136 iε
µνλρ〈Wµνu
σuδuλf−ρσuδ〉+H.c. 898
i〈W µνuµf−ν
λuρhλρ〉+H.c. 73 137 iε
µνλρ〈Wµνu
σuδuλf−ρδuσ〉+H.c. 899
i〈W µνuµf−
λρuλhνρ〉+H.c. 74 138 iε
µνλρ〈Wµνu
σuσu
δf−λρuδ〉+H.c. 900
i〈W µνuλf−µνu
ρhλρ〉+H.c. 75 139 iε
µνλρ〈Wµνu
σuδuλf−σδuρ〉+H.c. 901
i〈W µνuλf−µ
ρuνhλρ〉+H.c. 76 140 iε
µνλρ〈Wµνu
σuσu
δf−λδuρ〉+H.c. 902
i〈W µνuλf−µλu
ρhνρ〉+H.c. 77 141 iε
µνλρ〈Wµνu
σuδuσf−λρuδ〉+H.c. 903
i〈W µνuλf−µ
ρuλhνρ〉+H.c. 142 iε
µνλρ〈Wµνu
σuδuσf−λδuρ〉+H.c. 904
i〈W µνuλf−µ
ρuρhνλ〉+H.c. 143 iε
µνλρ〈Wµνu
σuδuδf−λρuσ〉+H.c. 905
i〈W µνuλf−λ
ρuµhνρ〉+H.c. 144 iε
µνλρ〈Wµνu
σuδuδf−λσuρ〉+H.c. 906
i〈W µνuµf−ν
λf−λ
ρuρ〉+H.c. 145 iε
µνλρ〈Wµνuλuρu
σhσ
δuδ〉+H.c. 907
i〈W µνuµf−
λρf−νλuρ〉+H.c. 146 iε
µνλρ〈Wµνuλu
σuρhσ
δuδ〉+H.c. 908
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i〈W µνuµf−
λρf−λρuν〉 147 iε
µνλρ〈Wµνuλu
σuσhρ
δuδ〉+H.c. 909
i〈W µνuλf−µλf−ν
ρuρ〉 148 iε
µνλρ〈Wµνuλu
σuδhρσuδ〉+H.c. 910
i〈W µνuλf−µ
ρf−νλuρ〉 149 iε
µνλρ〈Wµνuλu
σuδhρδuσ〉+H.c. 911
i〈W µνuλf−µ
ρf−νρuλ〉 150 iε
µνλρ〈Wµνuλu
σuδhσδuρ〉+H.c. 912
i〈W µνuµf−ν
λhλ
ρuρ〉+H.c. 78 151 iε
µνλρ〈Wµνu
σuλuρhσ
δuδ〉+H.c. 913
i〈W µνuµf−
λρhνλuρ〉+H.c. 79 152 iε
µνλρ〈Wµνu
σuλuσhρ
δuδ〉+H.c. 914
i〈W µνuλf−µλhν
ρuρ〉+H.c. 153 iε
µνλρ〈Wµνu
σuλu
δhρσuδ〉+H.c. 915
i〈W µνuµhν
λuρf−λρ〉+H.c. 154 iε
µνλρ〈Wµνu
σuλu
δhρδuσ〉+H.c. 916
i〈W µνuµh
λρuλf−νρ〉+H.c. 155 iε
µνλρ〈Wµνu
σuλu
δhσδuρ〉+H.c. 917
i〈W µνuλhµ
ρuνf−λρ〉+H.c. 156 iε
µνλρ〈Wµνu
σuσuλhρ
δuδ〉+H.c. 918
i〈W µνuλhµλu
ρf−νρ〉+H.c. 157 iε
µνλρ〈Wµνu
σuδuλhρσuδ〉+H.c. 919
i〈W µνuλhµ
ρuλf−νρ〉+H.c. 158 iε
µνλρ〈Wµνu
σuδuλhρδuσ〉+H.c. 920
i〈W µνuλhµ
ρuρf−νλ〉+H.c. 159 iε
µνλρ〈Wµνu
σuδuλhσδuρ〉+H.c. 921
i〈W µνuλhλ
ρuµf−νρ〉+H.c. 160 iε
µνλρ〈Wµνu
σuσu
δhλδuρ〉+H.c. 922
i〈W µνuλhλ
ρuρf−µν〉+H.c. 161 iε
µνλρ〈Wµνu
σuδuσhλδuρ〉+H.c. 923
i〈W µνuµhν
λuρhλρ〉+H.c. 80 162 iε
µνλρ〈Wµνu
σuδuδhλσuρ〉+H.c. 924
i〈W µνuµh
λρuνhλρ〉+H.c. 81 163 iε
µνλρ〈Wµνuλuρf−
σδuσuδ〉+H.c. 925
i〈W µνuµh
λρuλhνρ〉+H.c. 82 164 iε
µνλρ〈Wµνuλu
σf−ρσu
δuδ〉+H.c. 926
i〈W µνuλhµ
ρuνhλρ〉+H.c. 165 iε
µνλρ〈Wµνuλu
σf−ρ
δuσuδ〉+H.c. 927
i〈W µνuλhµλu
ρhνρ〉+H.c. 166 iε
µνλρ〈Wµνuλu
σf−ρ
δuδuσ〉+H.c. 928
i〈W µνuλhµ
ρuλhνρ〉+H.c. 83 167 iε
µνλρ〈Wµνuλu
σf−σ
δuρuδ〉+H.c. 929
i〈W µνuλhµ
ρuρhνλ〉+H.c. 168 iε
µνλρ〈Wµνu
σuλf−ρσu
δuδ〉+H.c. 930
i〈W µνuλhλ
ρuµhνρ〉+H.c. 169 iε
µνλρ〈Wµνu
σuλf−ρ
δuσuδ〉+H.c. 931
i〈W µνuµhν
λhλ
ρuρ〉+H.c. 170 iε
µνλρ〈Wµνu
σuλf−ρ
δuδuσ〉+H.c. 932
i〈W µνuµh
λρhνλuρ〉+H.c. 171 iε
µνλρ〈Wµνuλuρh
σδuσuδ〉+H.c. 933
i〈W µνuλhµ
ρhνρuλ〉 172 iε
µνλρ〈Wµνuλu
σhσ
δuρuδ〉+H.c. 934
i〈W µνf−µνu
λuρf−λρ〉+H.c. 173 iε
µνλρ〈Wµνuλu
σhσ
δuδuρ〉 935
i〈W µνf−µ
λuνu
ρf−λρ〉+H.c. 174 iε
µνλρ〈Wµνu
σuλhσ
δuρuδ〉 936
i〈W µνf−µ
λuλu
ρf−νρ〉 175 iε
µνλρ〈Wµνuλ〉〈uρu
σuδf−σδ〉+H.c. 937
i〈W µνf−µ
λuρuνf−λρ〉+H.c. 176 iε
µνλρ〈Wµνuλ〉〈u
σuρu
δf−σδ〉 938
i〈W µνf−µ
λuρuλf−νρ〉 177 iε
µνλρ〈Wµνuλ〉〈u
σuσu
δf−ρδ〉+H.c. 939
i〈W µνf−µ
λuρuρf−νλ〉 178 iε
µνλρ〈Wµνu
σ〉〈uλuρu
δf−σδ〉+H.c. 940
i〈W µνf−µνu
λuρhλρ〉+H.c. 179 iε
µνλρ〈Wµνu
σ〉〈uλuσu
δf−ρδ〉+H.c. 941
i〈W µνf−µ
λuλu
ρhνρ〉+H.c. 180 iε
µνλρ〈Wµνu
σ〉〈uλu
δuσf−ρδ〉+H.c. 942
i〈W µνf−µ
λuρuλhνρ〉+H.c. 181 iε
µνλρ〈Wµνu
σ〉〈uλu
δuδf−ρσ〉+H.c. 943
i〈W µνhµ
λuνu
ρhλρ〉+H.c. 182 iε
µνλρ〈Wµνuλ〉〈uρu
σuδhσδ〉+H.c. 944
i〈W µνhµ
λuρuνhλρ〉+H.c. 183 iε
µνλρ〈Wµνuλ〉〈u
σuσu
δhρδ〉+H.c. 945
i〈W µνhµ
λuρuρhνλ〉 184 iε
µνλρ〈Wµνu
σ〉〈uλuρu
δhσδ〉+H.c. 946
i〈W µνuµ〉〈uνu
λ∇ρf−λρ〉+H.c. 185 iε
µνλρ〈Wµνu
σ〉〈uλuσu
δhρδ〉+H.c. 947
i〈W µνuµ〉〈u
λuρ∇νf−λρ〉 186 iε
µνλρ〈Wµνu
σ〉〈uλu
δuρhσδ〉 948
i〈W µνuµ〉〈u
λuρ∇λf−νρ〉+H.c. 187 iε
µνλρ〈Wµνu
σ〉〈uλu
δuσhρδ〉+H.c. 949
i〈W µνuλ〉〈uµuν∇
ρf−λρ〉 188 iε
µνλρ〈Wµνu
σ〉〈uλu
δuδhρσ〉+H.c. 950
i〈W µνuλ〉〈uµuλ∇
ρf−νρ〉+H.c. 189 iε
µνλρ〈Wµνuλu
σ∇ρ∇
δf−σδ〉+H.c. 951
i〈W µνuλ〉〈uµu
ρ∇νf−λρ〉+H.c. 190 iε
µνλρ〈Wµνuλu
σ∇σ∇
δf−ρδ〉+H.c. 397 952
i〈W µνuλ〉〈uµu
ρ∇λf−νρ〉+H.c. 191 iε
µνλρ〈Wµνuλu
σ∇δ∇δf−ρσ〉+H.c. 953
i〈W µνuλ〉〈uµu
ρ∇ρf−νλ〉+H.c. 192 iε
µνλρ〈Wµνu
σuλ∇ρ∇
δf−σδ〉+H.c. 954
i〈W µνuλ〉〈uλu
ρ∇µf−νρ〉+H.c. 193 iε
µνλρ〈Wµνu
σuλ∇σ∇
δf−ρδ〉+H.c. 398 955
i〈W µνuλ〉〈uλu
ρ∇ρf−µν 〉+H.c. 194 iε
µνλρ〈Wµνu
σuλ∇
δ∇δf−ρσ〉+H.c. 956
i〈W µνuµ〉〈u
λuρ∇λhνρ〉+H.c. 195 iε
µνλρ〈Wµνu
σuσ∇λ∇
δf−ρδ〉+H.c. 957
i〈W µνuλ〉〈uµu
ρ∇νhλρ〉+H.c. 196 iε
µνλρ〈Wµνu
σuσ∇
δ∇δf−λρ〉+H.c. 958
i〈W µνuλ〉〈uµu
ρ∇λhνρ〉+H.c. 197 iε
µνλρ〈Wµνu
σuδ∇λ∇σf−ρδ〉+H.c. 959
i〈W µνuλ〉〈uµu
ρ∇ρhνλ〉+H.c. 198 iε
µνλρ〈Wµνu
σuδ∇λ∇δf−ρσ〉+H.c. 960
i〈W µνuλ〉〈uλu
ρ∇µhνρ〉+H.c. 199 iε
µνλρ〈Wµνu
σuδ∇σ∇δf−λρ〉+H.c. 399 961
i〈W µνuµ〉〈u
λf−ν
ρf−λρ〉+H.c. 200 iε
µνλρ〈Wµ
σuνuλ∇σ∇
δf−ρδ〉+H.c. 962
i〈W µνuλ〉〈uµf−ν
ρf−λρ〉+H.c. 201 iε
µνλρ〈Wµ
σuνuσ∇λ∇
δf−ρδ〉+H.c. 963
i〈W µνuλ〉〈uλf−µ
ρf−νρ〉 202 iε
µνλρ〈Wµ
σuνu
δ∇λ∇δf−ρσ〉+H.c. 964
i〈W µνuλ〉〈uρf−µνf−λρ〉+H.c. 203 iε
µνλρ〈Wµ
σuνu
δ∇σ∇δf−λρ〉+H.c. 965
i〈W µνuλ〉〈uρf−µλf−νρ〉+H.c. 204 iε
µνλρ〈Wµ
σuδuν∇λ∇δf−ρσ〉+H.c. 966
i〈W µνuµ〉〈u
λf−ν
ρhλρ〉+H.c. 205 iε
µνλρ〈Wµ
σuδuν∇σ∇δf−λρ〉+H.c. 967
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i〈W µνuµ〉〈u
λf−λ
ρhνρ〉+H.c. 206 iε
µνλρ〈Wµνuλu
σ∇δ∇δhρσ〉+H.c. 968
i〈W µνuλ〉〈uµf−ν
ρhλρ〉+H.c. 207 iε
µνλρ〈Wµνu
σuλ∇
δ∇δhρσ〉+H.c. 969
i〈W µνuλ〉〈uµf−λ
ρhνρ〉+H.c. 208 iε
µνλρ〈Wµνu
σuδ∇λ∇σhρδ〉+H.c. 970
i〈W µνuλ〉〈uλf−µ
ρhνρ〉+H.c. 209 iε
µνλρ〈Wµνu
σuδ∇λ∇δhρσ〉+H.c. 971
i〈W µνuλ〉〈uρf−µνhλρ〉+H.c. 210 iε
µνλρ〈Wµνuλ∇ρ∇
σf−σ
δuδ〉+H.c. 972
i〈W µνuλ〉〈uρf−µλhνρ〉+H.c. 211 iε
µνλρ〈Wµνuλ∇
σ∇σf−ρ
δuδ〉+H.c. 973
i〈W µνuλ〉〈uρf−µρhνλ〉+H.c. 212 iε
µνλρ〈Wµνuλ∇
σ∇δf−ρσuδ〉+H.c. 400 974
i〈W µνuµ〉〈u
λhν
ρhλρ〉+H.c. 213 iε
µνλρ〈Wµνu
σ∇λ∇σf−ρ
δuδ〉+H.c. 975
i〈W µνuλ〉〈uµhν
ρhλρ〉+H.c. 214 iε
µνλρ〈Wµ
σuν∇λ∇
δf−ρσuδ〉+H.c. 976
i〈W µνuλ〉〈uλhµ
ρhνρ〉 215 iε
µνλρ〈Wµ
σuν∇λ∇
δf−ρδuσ〉+H.c. 977
i〈W µνuλ〉〈uρhµλhνρ〉+H.c. 216 iε
µνλρ〈Wµ
σuν∇σ∇
δf−λρuδ〉+H.c. 978
i〈W µν∇µf−
λρ〉〈uνuλuρ〉 217 iε
µνλρ〈Wµνuλf−ρ
σ∇δf−σδ〉+H.c. 979
i〈W µν∇λf−µ
ρ〉〈uνuλuρ〉+H.c. 218 iε
µνλρ〈Wµνuλf−
σδ∇ρf−σδ〉+H.c. 980
i〈W µν∇λf−λ
ρ〉〈uµuνuρ〉 219 iε
µνλρ〈Wµνuλf−
σδ∇σf−ρδ〉+H.c. 981
i〈W µνf−µν〉〈u
λuρf−λρ〉 220 iε
µνλρ〈Wµνu
σf−λρ∇
δf−σδ〉+H.c. 982
i〈W µνf−µ
λ〉〈uνu
ρf−λρ〉+H.c. 221 iε
µνλρ〈Wµνu
σf−λσ∇
δf−ρδ〉+H.c. 983
i〈W µνf−µ
λ〉〈uλu
ρf−νρ〉+H.c. 222 iε
µνλρ〈Wµνu
σf−λ
δ∇ρf−σδ〉+H.c. 984
i〈W µνf−
λρ〉〈uµuνf−λρ〉 223 iε
µνλρ〈Wµνu
σf−λ
δ∇σf−ρδ〉+H.c. 985
i〈W µνf−
λρ〉〈uµuλf−νρ〉+H.c. 224 iε
µνλρ〈Wµνu
σf−λ
δ∇δf−ρσ〉+H.c. 986
i〈W µνf−µ
λ〉〈uνu
ρhλρ〉+H.c. 225 iε
µνλρ〈Wµνu
σf−σ
δ∇λf−ρδ〉+H.c. 987
i〈W µνf−µ
λ〉〈uλu
ρhνρ〉+H.c. 226 iε
µνλρ〈Wµνu
σf−σ
δ∇δf−λρ〉+H.c. 988
i〈W µνhµ
λ〉〈uνu
ρf−λρ〉+H.c. 227 iε
µνλρ〈Wµνuλ∇ρf−
σδf−σδ〉+H.c. 989
i〈W µνhµ
λ〉〈uνu
ρhλρ〉+H.c. 228 iε
µνλρ〈Wµνuλ∇
σf−ρ
δf−σδ〉+H.c. 990
i〈W µνhλρ〉〈uµuνhλρ〉 229 iε
µνλρ〈Wµνuλ∇
σf−σ
δf−ρδ〉+H.c. 991
i〈W µνuµ∇
λ∇λ∇
ρf−νρ〉+H.c. 84 230 iε
µνλρ〈Wµνu
σ∇λf−ρ
δf−σδ〉+H.c. 992
i〈W µνuλ∇µ∇λ∇
ρf−νρ〉+H.c. 85 231 iε
µνλρ〈Wµνu
σ∇λf−σ
δf−ρδ〉+H.c. 993
i〈W µνuλ∇µ∇
ρ∇ρf−νλ〉+H.c. 86 232 iε
µνλρ〈Wµνu
σ∇σf−λ
δf−ρδ〉+H.c. 994
i〈W µνuλ∇λ∇
ρ∇ρf−µν〉+H.c. 87 233 iε
µνλρ〈Wµνu
σ∇δf−λρf−σδ〉+H.c. 995
i〈W µνuλ∇µ∇
ρ∇ρhνλ〉+H.c. 88 234 iε
µνλρ〈Wµνu
σ∇δf−λσf−ρδ〉+H.c. 996
i〈W µνf−µ
λ∇ν∇
ρf−λρ〉+H.c. 89 235 iε
µνλρ〈Wµνu
σ∇δf−λδf−ρσ〉+H.c. 997
i〈W µνf−µ
λ∇λ∇
ρf−νρ〉+H.c. 90 236 iε
µνλρ〈Wµνu
σ∇δf−σδf−λρ〉+H.c. 998
i〈W µνf−µ
λ∇ρ∇ρf−νλ〉+H.c. 91 237 iε
µνλρ〈Wµνuλf−
σδ∇σhρδ〉+H.c. 999
i〈W µνf−
λρ∇µ∇λf−νρ〉+H.c. 92 238 iε
µνλρ〈Wµνu
σf−λ
δ∇ρhσδ〉+H.c. 1000
i〈W µν∇µf−ν
λ∇ρf−λρ〉+H.c. 93 239 iε
µνλρ〈Wµνu
σf−λ
δ∇σhρδ〉+H.c. 1001
i〈W µν∇µf−
λρ∇νf−λρ〉 94 240 iε
µνλρ〈Wµνu
σf−λ
δ∇δhρσ〉+H.c. 1002
i〈W µν∇µf−
λρ∇λf−νρ〉+H.c. 95 241 iε
µνλρ〈Wµνu
σf−σ
δ∇λhρδ〉+H.c. 1003
i〈W µν∇λf−µν∇
ρf−λρ〉+H.c. 96 242 iε
µνλρ〈Wµνuλ∇
σf−ρ
δhσδ〉+H.c. 1004
i〈W µν∇λf−µλ∇
ρf−νρ〉 97 243 iε
µνλρ〈Wµνu
σ∇λf−ρ
δhσδ〉+H.c. 1005
i〈W µν∇λf−µ
ρ∇λf−νρ〉 98 244 iε
µνλρ〈Wµνu
σ∇σf−λ
δhρδ〉+H.c. 1006
i〈W µν∇λf−µ
ρ∇ρf−νλ〉 99 245 iε
µνλρ〈Wµνu
σ∇δf−λρhσδ〉+H.c. 1007
i〈W µνf−µ
λ∇ρ∇ρhνλ〉+H.c. 100 246 iε
µνλρ〈Wµνu
σ∇δf−λδhρσ〉+H.c. 1008
i〈W µνf−
λρ∇µ∇λhνρ〉+H.c. 101 247 iε
µνλρ〈Wµνuλ∇
σ∇σhρ
δuδ〉+H.c. 1009
i〈W µν∇µf−
λρ∇λhνρ〉+H.c. 102 248 iε
µνλρ〈Wµνu
σ∇λ∇σhρ
δuδ〉+H.c. 1010
i〈W µν∇λf−µ
ρ∇νhλρ〉+H.c. 103 249 iε
µνλρ〈Wµνuλhρ
σ∇δf−σδ〉+H.c. 1011
i〈W µν∇λf−µ
ρ∇λhνρ〉+H.c. 104 250 iε
µνλρ〈Wµνuλh
σδ∇σf−ρδ〉+H.c. 1012
i〈W µν∇λf−µ
ρ∇ρhνλ〉+H.c. 105 251 iε
µνλρ〈Wµνu
σhλσ∇
δf−ρδ〉+H.c. 1013
i〈W µν∇λf−λ
ρ∇µhνρ〉+H.c. 106 252 iε
µνλρ〈Wµνu
σhλ
δ∇ρf−σδ〉+H.c. 1014
i〈W µν∇µ∇
λf−ν
ρhλρ〉+H.c. 107 253 iε
µνλρ〈Wµνu
σhλ
δ∇σf−ρδ〉+H.c. 1015
i〈W µν∇µ∇
λf−λ
ρhνρ〉+H.c. 108 254 iε
µνλρ〈Wµνu
σhλ
δ∇δf−ρσ〉+H.c. 1016
i〈W µν∇λ∇λf−µ
ρhνρ〉+H.c. 109 255 iε
µνλρ〈Wµνu
σhσ
δ∇λf−ρδ〉+H.c. 1017
i〈W µν∇λ∇ρf−µνhλρ〉+H.c. 110 256 iε
µνλρ〈Wµνu
σhσ
δ∇δf−λρ〉+H.c. 1018
i〈W µν∇λ∇ρf−µλhνρ〉+H.c. 111 257 iε
µνλρ〈Wµνuλ∇
σhρ
δf−σδ〉+H.c. 1019
i〈W µνhµ
λ∇ρ∇ρhνλ〉+H.c. 112 258 iε
µνλρ〈Wµνu
σ∇λhρ
δf−σδ〉+H.c. 1020
i〈W µνhλρ∇µ∇λhνρ〉+H.c. 113 259 iε
µνλρ〈Wµνu
σ∇λhσ
δf−ρδ〉+H.c. 1021
i〈W µν∇µh
λρ∇νhλρ〉 114 260 iε
µνλρ〈Wµνu
σ∇σhλ
δf−ρδ〉+H.c. 1022
i〈W µν∇µh
λρ∇λhνρ〉+H.c. 115 261 iε
µνλρ〈Wµνu
σ∇δhλσf−ρδ〉+H.c. 1023
i〈W µν∇λhµ
ρ∇λhνρ〉 116 262 iε
µνλρ〈Wµνuλh
σδ∇ρhσδ〉+H.c. 1024
i〈W µν∇λhµ
ρ∇ρhνλ〉 117 263 iε
µνλρ〈Wµνuλh
σδ∇σhρδ〉+H.c. 1025
〈W µνf+µνu
λuλu
ρuρ〉+H.c. 118 264 iε
µνλρ〈Wµνu
σhλ
δ∇ρhσδ〉+H.c. 1026
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〈W µνf+µνu
λuρuλuρ〉+H.c. 119 265 iε
µνλρ〈Wµνu
σhλ
δ∇σhρδ〉+H.c. 1027
〈W µνf+µνu
λuρuρuλ〉+H.c. 266 iε
µνλρ〈Wµνu
σhλ
δ∇δhρσ〉+H.c. 1028
〈W µνf+µ
λuνuλu
ρuρ〉+H.c. 120 267 iε
µνλρ〈Wµνu
σhσ
δ∇λhρδ〉+H.c. 1029
〈W µνf+µ
λuνu
ρuλuρ〉+H.c. 121 268 iε
µνλρ〈Wµνuλ∇ρh
σδhσδ〉+H.c. 1030
〈W µνf+µ
λuνu
ρuρuλ〉+H.c. 269 iε
µνλρ〈Wµνuλ∇
σhρ
δhσδ〉+H.c. 1031
〈W µνf+µ
λuλuνu
ρuρ〉+H.c. 122 270 iε
µνλρ〈Wµνu
σ∇λhρ
δhσδ〉+H.c. 1032
〈W µνf+µ
λuλu
ρuνuρ〉+H.c. 123 271 iε
µνλρ〈Wµνu
σ∇λhσ
δhρδ〉+H.c. 1033
〈W µνf+µ
λuρuνuλuρ〉+H.c. 272 iε
µνλρ〈Wµνu
σ∇σhλ
δhρδ〉+H.c. 1034
〈W µνf+µ
λuλu
ρuρuν〉+H.c. 273 iε
µνλρ〈Wµνf−λ
σuρ∇
δf−σδ〉+H.c. 1035
〈W µνf+µ
λuρuνuρuλ〉+H.c. 124 274 iε
µνλρ〈Wµνf−λ
σuσ∇
δf−ρδ〉+H.c. 1036
〈W µνf+µ
λuρuλuνuρ〉+H.c. 275 iε
µνλρ〈Wµνf−λ
σuδ∇ρf−σδ〉+H.c. 1037
〈W µνf+µ
λuρuλuρuν〉+H.c. 276 iε
µνλρ〈Wµνf−λ
σuδ∇σf−ρδ〉+H.c. 1038
〈W µνf+µ
λuρuρuνuλ〉+H.c. 277 iε
µνλρ〈Wµνf−λ
σuδ∇δf−ρσ〉+H.c. 1039
〈W µνf+µ
λuρuρuλuν〉+H.c. 278 iε
µνλρ〈Wµνf−
σδuλ∇ρf−σδ〉+H.c. 1040
〈W µνf+
λρuµuνuλuρ〉+H.c. 125 279 iε
µνλρ〈Wµνf−
σδuλ∇σf−ρδ〉+H.c. 1041
〈W µνf+
λρuµuλuνuρ〉+H.c. 126 280 iε
µνλρ〈Wµνf−
σδuσ∇λf−ρδ〉+H.c. 1042
〈W µνf+
λρuµuλuρuν〉+H.c. 281 iε
µνλρ〈Wµνf−
σδuσ∇δf−λρ〉+H.c. 1043
〈W µνf+
λρuλuµuνuρ〉+H.c. 282 iε
µνλρ〈Wµνf−λ
σuδ∇ρhσδ〉+H.c. 1044
〈W µνf+
λρuλuµuρuν〉+H.c. 283 iε
µνλρ〈Wµνf−λ
σuδ∇σhρδ〉+H.c. 1045
〈W µνf+
λρuλuρuµuν〉+H.c. 284 iε
µνλρ〈Wµνf−λ
σuδ∇δhρσ〉+H.c. 1046
〈W µνuµf+ν
λuλu
ρuρ〉+H.c. 127 285 iε
µνλρ〈Wµνf−
σδuλ∇σhρδ〉+H.c. 1047
〈W µνuµf+ν
λuρuλuρ〉+H.c. 128 286 iε
µνλρ〈Wµνf−
σδuσ∇λhρδ〉+H.c. 1048
〈W µνuµf+ν
λuρuρuλ〉+H.c. 287 iε
µνλρ〈Wµν∇λf−ρ
σuδhσδ〉+H.c. 1049
〈W µνuµf+
λρuνuλuρ〉+H.c. 129 288 iε
µνλρ〈Wµν∇
σf−λρu
δhσδ〉+H.c. 1050
〈W µνuµf+
λρuλuνuρ〉+H.c. 289 iε
µνλρ〈Wµν∇
σf−λ
δuρhσδ〉+H.c. 1051
〈W µνuµf+
λρuλuρuν〉+H.c. 290 iε
µνλρ〈Wµνf−λ
σf−ρ
δf−σδ〉+H.c. 1052
〈W µνuλf+µνuλu
ρuρ〉+H.c. 130 291 iε
µνλρ〈Wµνf−λ
σf−ρ
δhσδ〉+H.c. 1053
〈W µνuλf+µλuνu
ρuρ〉+H.c. 292 iε
µνλρ〈Wµνf−λ
σhσ
δf−ρδ〉 1054
〈W µνuλf+µνu
ρuλuρ〉+H.c. 131 293 iε
µνλρ〈Wµνhλ
σuδ∇ρhσδ〉+H.c. 1055
〈W µνuλf+µνu
ρuρuλ〉+H.c. 294 iε
µνλρ〈Wµνh
σδuλ∇ρhσδ〉+H.c. 1056
〈W µνuλf+µ
ρuνuλuρ〉+H.c. 132 295 iε
µνλρ〈Wµνh
σδuλ∇σhρδ〉+H.c. 1057
〈W µνuλf+µλu
ρuνuρ〉+H.c. 133 296 ε
µνλρ〈Wµν∇λf+ρ
σuσu
δuδ〉+H.c. 401 1058
〈W µνuλf+µ
ρuνuρuλ〉+H.c. 297 ε
µνλρ〈Wµν∇λf+ρ
σuδuσuδ〉+H.c. 402 1059
〈W µνuλf+µ
ρuλuνuρ〉+H.c. 298 ε
µνλρ〈Wµν∇λf+ρ
σuδuδuσ〉+H.c. 1060
〈W µνuλf+µλu
ρuρuν〉+H.c. 299 ε
µνλρ〈Wµν∇
σf+λσuρu
δuδ〉+H.c. 403 1061
〈W µνuλf+µ
ρuλuρuν〉+H.c. 300 ε
µνλρ〈Wµν∇λf+
σδuρuσuδ〉+H.c. 404 1062
〈W µνuλf+µ
ρuρuνuλ〉+H.c. 301 ε
µνλρ〈Wµν∇λf+
σδuσuρuδ〉+H.c. 1063
〈W µνuλf+µ
ρuρuλuν〉+H.c. 302 ε
µνλρ〈Wµν∇
σf+λ
δuρuσuδ〉+H.c. 405 1064
〈W µνuλf+λ
ρuµuνuρ〉+H.c. 303 ε
µνλρ〈Wµν∇
σf+λσu
δuρuδ〉+H.c. 406 1065
〈W µνuλf+λ
ρuµuρuν〉+H.c. 304 ε
µνλρ〈Wµν∇λf+
σδuσuδuρ〉+H.c. 1066
〈W µνuλf+λ
ρuρuµuν〉+H.c. 305 ε
µνλρ〈Wµν∇
σf+λ
δuσuρuδ〉+H.c. 407 1067
〈W µνuµuνf+
λρuλuρ〉+H.c. 306 ε
µνλρ〈Wµν∇
σf+λσu
δuδuρ〉+H.c. 1068
〈W µνuµu
λf+νλu
ρuρ〉+H.c. 307 ε
µνλρ〈Wµν∇
σf+λ
δuσuδuρ〉+H.c. 1069
〈W µνuµu
λf+ν
ρuλuρ〉+H.c. 308 ε
µνλρ〈Wµν∇
σf+σ
δuλuρuδ〉+H.c. 408 1070
〈W µνuµu
λf+ν
ρuρuλ〉+H.c. 309 ε
µνλρ〈Wµν∇
σf+σ
δuλuδuρ〉+H.c. 1071
〈W µνuµu
λf+λ
ρuνuρ〉+H.c. 310 ε
µνλρ〈Wµν∇
σf+σ
δuδuλuρ〉+H.c. 1072
〈W µνuµu
λf+λ
ρuρuν〉 311 ε
µνλρ〈Wµνf+λρu
σuδf−σδ〉+H.c. 409 1073
〈W µνuλuµf+νλu
ρuρ〉+H.c. 312 ε
µνλρ〈Wµνf+λ
σuρu
δf−σδ〉+H.c. 410 1074
〈W µνuλuµf+ν
ρuλuρ〉+H.c. 313 ε
µνλρ〈Wµνf+λ
σuσu
δf−ρδ〉+H.c. 411 1075
〈W µνuλuµf+ν
ρuρuλ〉+H.c. 314 ε
µνλρ〈Wµνf+λ
σuδuρf−σδ〉+H.c. 412 1076
〈W µνuλuµf+λ
ρuνuρ〉 315 ε
µνλρ〈Wµνf+λ
σuδuσf−ρδ〉+H.c. 413 1077
〈W µνuλuλf+µνu
ρuρ〉 316 ε
µνλρ〈Wµνf+λ
σuδuδf−ρσ〉+H.c. 414 1078
〈W µνuλuρf+µνuλuρ〉 317 ε
µνλρ〈Wµνf+
σδuλuρf−σδ〉+H.c. 415 1079
〈W µνuλuρf+µνuρuλ〉 318 ε
µνλρ〈Wµνf+
σδuλuσf−ρδ〉+H.c. 416 1080
〈W µνf+µν〉〈u
λuλu
ρuρ〉 319 ε
µνλρ〈Wµνf+
σδuσuλf−ρδ〉+H.c. 417 1081
〈W µνf+µν〉〈u
λuρuλuρ〉 320 ε
µνλρ〈Wµνf+
σδuσuδf−λρ〉+H.c. 418 1082
〈W µνf+µ
λ〉〈uνuλu
ρuρ〉+H.c. 321 ε
µνλρ〈Wµνf+λρu
σuδhσδ〉+H.c. 419 1083
〈W µνf+µ
λ〉〈uνu
ρuλuρ〉 322 ε
µνλρ〈Wµνf+λ
σuρu
δhσδ〉+H.c. 420 1084
〈W µνf+
λρ〉〈uµuνuλuρ〉 323 ε
µνλρ〈Wµνf+λ
σuσu
δhρδ〉+H.c. 421 1085
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〈W µνuµ〉〈f+ν
λuλu
ρuρ〉+H.c. 324 ε
µνλρ〈Wµνf+λ
σuδuρhσδ〉+H.c. 422 1086
〈W µνuµ〉〈f+ν
λuρuλuρ〉 325 ε
µνλρ〈Wµνf+λ
σuδuσhρδ〉+H.c. 423 1087
〈W µνuµ〉〈f+
λρuνuλuρ〉+H.c. 326 ε
µνλρ〈Wµνf+λ
σuδuδhρσ〉+H.c. 424 1088
〈W µνuλ〉〈f+µνuλu
ρuρ〉+H.c. 327 ε
µνλρ〈Wµνf+
σδuλuσhρδ〉+H.c. 425 1089
〈W µνuλ〉〈f+µλuνu
ρuρ〉+H.c. 328 ε
µνλρ〈Wµνf+
σδuσuλhρδ〉+H.c. 426 1090
〈W µνuλ〉〈f+µ
ρuνuλuρ〉+H.c. 329 ε
µνλρ〈Wµνf+λρu
σf−σ
δuδ〉+H.c. 1091
〈f+
µνuµ〉〈Wν
λuλu
ρuρ〉+H.c. 330 ε
µνλρ〈Wµνf+λ
σuρf−σ
δuδ〉+H.c. 427 1092
〈f+
µνuλ〉〈Wµλuνu
ρuρ〉+H.c. 331 ε
µνλρ〈Wµνf+λ
σuσf−ρ
δuδ〉+H.c. 428 1093
〈W µνuµu
λ〉〈f+νλu
ρuρ〉+H.c. 332 ε
µνλρ〈Wµνf+λ
σuδf−ρσuδ〉+H.c. 429 1094
〈W µνuµu
λ〉〈f+λ
ρuνuρ〉+H.c. 333 ε
µνλρ〈Wµνf+λ
σuδf−ρδuσ〉+H.c. 1095
〈W µνuλuλ〉〈f+µνu
ρuρ〉 334 ε
µνλρ〈Wµνf+λ
σuδf−σδuρ〉+H.c. 1096
〈W µν∇µ∇
λf+νλu
ρuρ〉+H.c. 134 335 ε
µνλρ〈Wµνf+
σδuλf−ρσuδ〉+H.c. 430 1097
〈W µν∇µ∇
λf+ν
ρuλuρ〉+H.c. 135 336 ε
µνλρ〈Wµνf+
σδuλf−σδuρ〉+H.c. 1098
〈W µν∇µ∇
λf+ν
ρuρuλ〉+H.c. 136 337 ε
µνλρ〈Wµνf+
σδuσf−λρuδ〉+H.c. 1099
〈W µν∇µ∇
λf+λ
ρuνuρ〉+H.c. 137 338 ε
µνλρ〈Wµνf+
σδuσf−λδuρ〉+H.c. 1100
〈W µν∇µ∇
λf+λ
ρuρuν〉+H.c. 138 339 ε
µνλρ〈Wµνf+λρu
σhσ
δuδ〉+H.c. 431 1101
〈W µν∇λ∇λf+µ
ρuνuρ〉+H.c. 139 340 ε
µνλρ〈Wµνf+λ
σuρhσ
δuδ〉+H.c. 432 1102
〈W µν∇λ∇ρf+µνuλuρ〉+H.c. 140 341 ε
µνλρ〈Wµνf+λ
σuσhρ
δuδ〉+H.c. 1103
〈W µν∇λ∇ρf+µλuνuρ〉+H.c. 141 342 ε
µνλρ〈Wµνf+λ
σuδhρσuδ〉+H.c. 1104
〈W µν∇λ∇λf+µ
ρuρuν〉+H.c. 142 343 ε
µνλρ〈Wµνf+λ
σuδhρδuσ〉+H.c. 1105
〈W µν∇λ∇ρf+µλuρuν〉+H.c. 143 344 ε
µνλρ〈Wµνf+λ
σuδhσδuρ〉+H.c. 1106
〈W µνf+µνu
λ∇ρf−λρ〉+H.c. 144 345 ε
µνλρ〈Wµνf+
σδuλhρσuδ〉+H.c. 1107
〈W µνf+µ
λuν∇
ρf−λρ〉+H.c. 145 346 ε
µνλρ〈Wµνf+
σδuσhλδuρ〉+H.c. 1108
〈W µνf+µ
λuλ∇
ρf−νρ〉+H.c. 146 347 ε
µνλρ〈Wµνf+λρf−
σδuσuδ〉+H.c. 1109
〈W µνf+µ
λuρ∇νf−λρ〉+H.c. 147 348 ε
µνλρ〈Wµνf+λ
σf−ρσu
δuδ〉+H.c. 1110
〈W µνf+µ
λuρ∇λf−νρ〉+H.c. 148 349 ε
µνλρ〈Wµνf+λ
σf−ρ
δuσuδ〉+H.c. 1111
〈W µνf+µ
λuρ∇ρf−νλ〉+H.c. 149 350 ε
µνλρ〈Wµνf+λ
σf−ρ
δuδuσ〉+H.c. 1112
〈W µνf+
λρuµ∇νf−λρ〉+H.c. 150 351 ε
µνλρ〈Wµνf+λ
σf−σ
δuρuδ〉+H.c. 1113
〈W µνf+
λρuµ∇λf−νρ〉+H.c. 151 352 ε
µνλρ〈Wµνf+λ
σf−σ
δuδuρ〉+H.c. 1114
〈W µνf+
λρuλ∇µf−νρ〉+H.c. 152 353 ε
µνλρ〈Wµνf+
σδf−λσuρuδ〉+H.c. 1115
〈W µνf+
λρuλ∇ρf−µν〉+H.c. 153 354 ε
µνλρ〈Wµνf+
σδf−λσuδuρ〉+H.c. 1116
〈W µν∇µf+ν
λuρf−λρ〉+H.c. 154 355 ε
µνλρ〈Wµνf+
σδf−σδuλuρ〉+H.c. 1117
〈W µν∇µf+
λρuνf−λρ〉+H.c. 155 356 ε
µνλρ〈Wµνf+λρh
σδuσuδ〉+H.c. 1118
〈W µν∇µf+
λρuλf−νρ〉+H.c. 156 357 ε
µνλρ〈Wµνf+λ
σhσ
δuρuδ〉+H.c. 1119
〈W µν∇λf+µλu
ρf−νρ〉+H.c. 157 358 ε
µνλρ〈Wµνf+λ
σhσ
δuδuρ〉+H.c. 1120
〈W µν∇λf+µ
ρuλf−νρ〉+H.c. 158 359 ε
µνλρ〈Wµνuλ∇
σf+ρσu
δuδ〉+H.c. 1121
〈W µν∇λf+λ
ρuµf−νρ〉+H.c. 159 360 ε
µνλρ〈Wµνuλ∇ρf+
σδuσuδ〉+H.c. 1122
〈W µν∇λf+λ
ρuρf−µν〉+H.c. 160 361 ε
µνλρ〈Wµνuλ∇
σf+ρ
δuσuδ〉+H.c. 1123
〈W µνf+µ
λuρ∇νhλρ〉+H.c. 161 362 ε
µνλρ〈Wµνuλ∇
σf+σ
δuρuδ〉+H.c. 1124
〈W µνf+µ
λuρ∇λhνρ〉+H.c. 162 363 ε
µνλρ〈Wµνuλ∇
σf+σ
δuδuρ〉+H.c. 1125
〈W µνf+µ
λuρ∇ρhνλ〉+H.c. 163 364 ε
µνλρ〈Wµνu
σ∇λf+ρσu
δuδ〉+H.c. 1126
〈W µνf+
λρuµ∇λhνρ〉+H.c. 164 365 ε
µνλρ〈Wµνu
σ∇λf+ρ
δuσuδ〉+H.c. 1127
〈W µνf+
λρuλ∇µhνρ〉+H.c. 165 366 ε
µνλρ〈Wµνu
σ∇λf+ρ
δuδuσ〉+H.c. 1128
〈W µν∇µf+ν
λuρhλρ〉+H.c. 166 367 ε
µνλρ〈Wµνu
σ∇λf+σ
δuρuδ〉+H.c. 1129
〈W µν∇µf+
λρuλhνρ〉+H.c. 167 368 ε
µνλρ〈Wµνu
σ∇σf+λ
δuρuδ〉+H.c. 1130
〈W µν∇λf+µ
ρuνhλρ〉+H.c. 168 369 ε
µνλρ〈Wµνu
σ∇λf+σ
δuδuρ〉+H.c. 1131
〈W µν∇λf+µλu
ρhνρ〉+H.c. 169 370 ε
µνλρ〈Wµνu
σ∇σf+λ
δuδuρ〉+H.c. 1132
〈W µν∇λf+µ
ρuλhνρ〉+H.c. 170 371 ε
µνλρ〈Wµνu
σ∇δf+λδuρuσ〉+H.c. 1133
〈W µν∇λf+λ
ρuµhνρ〉+H.c. 171 372 ε
µνλρ〈Wµνu
σ∇δf+λδuσuρ〉+H.c. 1134
〈W µνf+µν∇
λf−λ
ρuρ〉+H.c. 172 373 ε
µνλρ〈Wµνu
σ∇δf+σδuλuρ〉+H.c. 1135
〈W µνf+µ
λ∇νf−λ
ρuρ〉+H.c. 173 374 ε
µνλρ〈Wµνuλf+ρ
σuδf−σδ〉+H.c. 1136
〈W µνf+µ
λ∇λf−ν
ρuρ〉+H.c. 174 375 ε
µνλρ〈Wµνuλf+
σδuρf−σδ〉+H.c. 1137
〈W µνf+µ
λ∇ρf−νλuρ〉+H.c. 175 376 ε
µνλρ〈Wµνuλf+
σδuσf−ρδ〉+H.c. 1138
〈W µνf+µ
λ∇ρf−νρuλ〉+H.c. 176 377 ε
µνλρ〈Wµνu
σf+λρu
δf−σδ〉+H.c. 1139
〈W µνf+µ
λ∇ρf−λρuν〉+H.c. 177 378 ε
µνλρ〈Wµνu
σf+λσu
δf−ρδ〉+H.c. 1140
〈W µνf+
λρ∇µf−νλuρ〉+H.c. 178 379 ε
µνλρ〈Wµνu
σf+λ
δuρf−σδ〉+H.c. 1141
〈W µνf+
λρ∇µf−λρuν〉+H.c. 179 380 ε
µνλρ〈Wµνu
σf+λ
δuσf−ρδ〉+H.c. 1142
〈W µνf+
λρ∇λf−µνuρ〉+H.c. 180 381 ε
µνλρ〈Wµνu
σf+λ
δuδf−ρσ〉+H.c. 1143
〈W µνf+
λρ∇λf−µρuν〉+H.c. 181 382 ε
µνλρ〈Wµνu
σf+σ
δuλf−ρδ〉+H.c. 1144
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〈W µν∇µf+ν
λf−λ
ρuρ〉+H.c. 182 383 ε
µνλρ〈Wµνu
σf+σ
δuδf−λρ〉+H.c. 1145
〈W µν∇µf+
λρf−νλuρ〉+H.c. 183 384 ε
µνλρ〈Wµνuλf+ρ
σuδhσδ〉+H.c. 1146
〈W µν∇λf+µλf−ν
ρuρ〉+H.c. 184 385 ε
µνλρ〈Wµνuλf+
σδuσhρδ〉+H.c. 1147
〈W µν∇µf+
λρf−λρuν〉+H.c. 185 386 ε
µνλρ〈Wµνu
σf+λρu
δhσδ〉+H.c. 1148
〈W µν∇λf+µ
ρf−νλuρ〉+H.c. 186 387 ε
µνλρ〈Wµνu
σf+λσu
δhρδ〉+H.c. 1149
〈W µν∇λf+λ
ρf−µνuρ〉+H.c. 187 388 ε
µνλρ〈Wµνu
σf+λ
δuρhσδ〉+H.c. 1150
〈W µν∇λf+λ
ρf−µρuν〉+H.c. 188 389 ε
µνλρ〈Wµνu
σf+λ
δuσhρδ〉+H.c. 1151
〈W µνf+µνf−
λρf−λρ〉+H.c. 189 390 ε
µνλρ〈Wµνu
σf+λ
δuδhρσ〉+H.c. 1152
〈W µνf+µ
λf−ν
ρf−λρ〉+H.c. 190 391 ε
µνλρ〈Wµνu
σf+σ
δuλhρδ〉+H.c. 1153
〈W µνf+µ
λf−λ
ρf−νρ〉+H.c. 191 392 ε
µνλρ〈Wµνuλf+ρ
σf−σ
δuδ〉+H.c. 1154
〈W µνf+
λρf−µλf−νρ〉+H.c. 192 393 ε
µνλρ〈Wµνuλf+
σδf−ρσuδ〉+H.c. 1155
〈W µνf+µ
λf−λ
ρhνρ〉+H.c. 193 394 ε
µνλρ〈Wµνuλf+
σδf−σδuρ〉+H.c. 1156
〈W µνf+µ
λ∇νhλ
ρuρ〉+H.c. 194 395 ε
µνλρ〈Wµνu
σf+λρf−σ
δuδ〉+H.c. 1157
〈W µνf+µ
λ∇λhν
ρuρ〉+H.c. 195 396 ε
µνλρ〈Wµνu
σf+λσf−ρ
δuδ〉+H.c. 1158
〈W µνf+µ
λ∇ρhνλuρ〉+H.c. 196 397 ε
µνλρ〈Wµνu
σf+λ
δf−ρσuδ〉+H.c. 1159
〈W µνf+
λρ∇µhνλuρ〉+H.c. 197 398 ε
µνλρ〈Wµνu
σf+λ
δf−ρδuσ〉+H.c. 1160
〈W µνf+
λρ∇λhµρuν〉+H.c. 198 399 ε
µνλρ〈Wµνu
σf+λ
δf−σδuρ〉+H.c. 1161
〈W µν∇µf+ν
λhλ
ρuρ〉+H.c. 199 400 ε
µνλρ〈Wµνu
σf+σ
δf−λρuδ〉+H.c. 1162
〈W µν∇µf+
λρhνλuρ〉+H.c. 200 401 ε
µνλρ〈Wµνu
σf+σ
δf−λδuρ〉+H.c. 1163
〈W µν∇λf+µλhν
ρuρ〉+H.c. 201 402 ε
µνλρ〈Wµνuλf+ρ
σhσ
δuδ〉+H.c. 1164
〈W µν∇λf+µ
ρhνλuρ〉+H.c. 202 403 ε
µνλρ〈Wµνuλf+
σδhρσuδ〉+H.c. 1165
〈W µν∇λf+µ
ρhλρuν〉+H.c. 404 ε
µνλρ〈Wµνu
σf+λρhσ
δuδ〉+H.c. 1166
〈W µνf+µ
λhν
ρf−λρ〉+H.c. 203 405 ε
µνλρ〈Wµνu
σf+λσhρ
δuδ〉+H.c. 1167
〈W µνf+µνh
λρhλρ〉+H.c. 204 406 ε
µνλρ〈Wµνu
σf+λ
δhρσuδ〉+H.c. 1168
〈W µνuµ∇ν∇
λf+λ
ρuρ〉+H.c. 205 407 ε
µνλρ〈Wµνu
σf+λ
δhρδuσ〉+H.c. 1169
〈W µνuµ∇
λ∇λf+ν
ρuρ〉+H.c. 206 408 ε
µνλρ〈Wµνu
σf+λ
δhσδuρ〉+H.c. 1170
〈W µνuµ∇
λ∇ρf+νλuρ〉+H.c. 207 409 ε
µνλρ〈Wµνu
σf+σ
δhλδuρ〉+H.c. 1171
〈W µνuλ∇µ∇λf+ν
ρuρ〉+H.c. 208 410 ε
µνλρ〈Wµνf−λ
σf+ρσu
δuδ〉+H.c. 1172
〈W µνuλ∇µ∇
ρf+νρuλ〉 209 411 ε
µνλρ〈Wµνf−λ
σf+ρ
δuσuδ〉+H.c. 1173
〈W µνuλ∇λ∇
ρf+µνuρ〉 412 ε
µνλρ〈Wµνf−λ
σf+ρ
δuδuσ〉+H.c. 1174
〈W µνuµf+ν
λ∇ρf−λρ〉+H.c. 210 413 ε
µνλρ〈Wµνf−λ
σf+σ
δuρuδ〉+H.c. 1175
〈W µνuµf+
λρ∇νf−λρ〉+H.c. 211 414 ε
µνλρ〈Wµνf−λ
σf+σ
δuδuρ〉+H.c. 1176
〈W µνuµf+
λρ∇λf−νρ〉+H.c. 212 415 ε
µνλρ〈Wµνf−
σδf+λρuσuδ〉+H.c. 1177
〈W µνuλf+µν∇
ρf−λρ〉+H.c. 213 416 ε
µνλρ〈Wµνf−
σδf+λσuρuδ〉+H.c. 1178
〈W µνuλf+µλ∇
ρf−νρ〉+H.c. 214 417 ε
µνλρ〈Wµνf−
σδf+λσuδuρ〉+H.c. 1179
〈W µνuλf+µ
ρ∇νf−λρ〉+H.c. 215 418 ε
µνλρ〈Wµνf−
σδf+σδuλuρ〉+H.c. 1180
〈W µνuλf+µ
ρ∇λf−νρ〉+H.c. 216 419 ε
µνλρ〈Wµνuλu
σf+ρ
δhσδ〉+H.c. 1181
〈W µνuλf+µ
ρ∇ρf−νλ〉+H.c. 217 420 ε
µνλρ〈Wµνu
σuλf+ρ
δhσδ〉+H.c. 1182
〈W µνuλf+λ
ρ∇µf−νρ〉+H.c. 218 421 ε
µνλρ〈Wµνu
σuδf+λρhσδ〉+H.c. 1183
〈W µνuλf+λ
ρ∇ρf−µν〉+H.c. 219 422 ε
µνλρ〈Wµν∇λf+ρ
σ〉〈uσu
δuδ〉 1184
〈W µνuµ∇νf+
λρf−λρ〉+H.c. 220 423 ε
µνλρ〈Wµν∇
σf+λσ〉〈uρu
δuδ〉 1185
〈W µνuµ∇
λf+λ
ρf−νρ〉+H.c. 221 424 ε
µνλρ〈Wµν∇
σf+λ
δ〉〈uρuσuδ〉+H.c. 1186
〈W µνuλ∇µf+ν
ρf−λρ〉+H.c. 222 425 ε
µνλρ〈Wµνf+λ
σ〉〈uρu
δf−σδ〉+H.c. 1187
〈W µνuλ∇µf+λ
ρf−νρ〉+H.c. 223 426 ε
µνλρ〈Wµνf+λ
σ〉〈uσu
δf−ρδ〉+H.c. 1188
〈W µνuλ∇λf+µ
ρf−νρ〉+H.c. 224 427 ε
µνλρ〈Wµνf+λ
σ〉〈uδuδf−ρσ〉 1189
〈W µνuλ∇ρf+µρf−νλ〉+H.c. 225 428 ε
µνλρ〈Wµνf+
σδ〉〈uλuσf−ρδ〉+H.c. 1190
〈W µνuλ∇ρf+λρf−µν〉+H.c. 226 429 ε
µνλρ〈Wµνf+λρ〉〈u
σuδhσδ〉 1191
〈W µνuµf+
λρ∇λhνρ〉+H.c. 227 430 ε
µνλρ〈Wµνf+λ
σ〉〈uρu
δhσδ〉+H.c. 1192
〈W µνuλf+µ
ρ∇νhλρ〉+H.c. 228 431 ε
µνλρ〈Wµνf+λ
σ〉〈uσu
δhρδ〉+H.c. 1193
〈W µνuλf+µ
ρ∇λhνρ〉+H.c. 229 432 ε
µνλρ〈Wµνf+
σδ〉〈uλuσhρδ〉+H.c. 1194
〈W µνuλf+µ
ρ∇ρhνλ〉+H.c. 230 433 ε
µνλρ〈Wµνuλ〉〈∇
σf+ρσu
δuδ〉 1195
〈W µνuλf+λ
ρ∇µhνρ〉+H.c. 231 434 ε
µνλρ〈Wµνuλ〉〈∇
σf+ρ
δuσuδ〉+H.c. 1196
〈W µνuµ∇
λf+ν
ρhλρ〉+H.c. 232 435 ε
µνλρ〈Wµνuλ〉〈∇
σf+σ
δuρuδ〉+H.c. 1197
〈W µνuµ∇
λf+λ
ρhνρ〉+H.c. 233 436 ε
µνλρ〈Wµνu
σ〉〈∇λf+ρσu
δuδ〉 1198
〈W µνuλ∇µf+ν
ρhλρ〉+H.c. 234 437 ε
µνλρ〈Wµνu
σ〉〈∇λf+ρ
δuσuδ〉+H.c. 1199
〈W µνuλ∇µf+λ
ρhνρ〉+H.c. 235 438 ε
µνλρ〈Wµνu
σ〉〈∇λf+σ
δuρuδ〉+H.c. 1200
〈W µνuλ∇λf+µ
ρhνρ〉+H.c. 439 ε
µνλρ〈Wµνu
σ〉〈∇σf+λ
δuρuδ〉+H.c. 1201
〈W µνuλ∇ρf+µρhνλ〉+H.c. 236 440 ε
µνλρ〈Wµνu
σ〉〈∇δf+λδuρuσ〉+H.c. 1202
〈W µνf−µνf+
λρf−λρ〉+H.c. 237 441 ε
µνλρ〈Wµνuλ〉〈f+ρ
σuδf−σδ〉+H.c. 1203
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〈W µνf−µ
λf+ν
ρf−λρ〉+H.c. 238 442 ε
µνλρ〈Wµνuλ〉〈f+
σδuρf−σδ〉+H.c. 1204
〈W µνf−µ
λf+λ
ρf−νρ〉 239 443 ε
µνλρ〈Wµνuλ〉〈f+
σδuσf−ρδ〉+H.c. 1205
〈W µνf−µ
λf+λ
ρhνρ〉+H.c. 240 444 ε
µνλρ〈Wµνu
σ〉〈f+λρu
δf−σδ〉+H.c. 1206
〈W µνhµ
λf+ν
ρhλρ〉+H.c. 241 445 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuρf−σδ〉+H.c. 1207
〈W µνf+µν〉〈u
λ∇ρf−λρ〉 446 ε
µνλρ〈Wµνu
σ〉〈f+λσu
δf−ρδ〉+H.c. 1208
〈W µνf+µ
λ〉〈uν∇
ρf−λρ〉 447 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuσf−ρδ〉+H.c. 1209
〈W µνf+µ
λ〉〈uλ∇
ρf−νρ〉 448 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuδf−ρσ〉+H.c. 1210
〈W µνf+µ
λ〉〈uρ∇νf−λρ〉 449 ε
µνλρ〈Wµνu
σ〉〈f+σ
δuλf−ρδ〉+H.c. 1211
〈W µνf+µ
λ〉〈uρ∇λf−νρ〉 450 ε
µνλρ〈Wµνu
σ〉〈f+σ
δuδf−λρ〉+H.c. 1212
〈W µνf+µ
λ〉〈uρ∇ρf−νλ〉 451 ε
µνλρ〈Wµνuλ〉〈f+ρ
σuδhσδ〉+H.c. 1213
〈W µνf+
λρ〉〈uµ∇νf−λρ〉 452 ε
µνλρ〈Wµνuλ〉〈f+
σδuσhρδ〉+H.c. 1214
〈W µνf+
λρ〉〈uµ∇λf−νρ〉 453 ε
µνλρ〈Wµνu
σ〉〈f+λρu
δhσδ〉+H.c. 1215
〈W µνf+
λρ〉〈uλ∇µf−νρ〉 454 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuρhσδ〉+H.c. 1216
〈W µνf+
λρ〉〈uλ∇ρf−µν〉 455 ε
µνλρ〈Wµνu
σ〉〈f+λσu
δhρδ〉+H.c. 1217
〈W µν∇µ∇
λf+νλ〉〈u
ρuρ〉 456 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuσhρδ〉+H.c. 1218
〈W µν∇µ∇
λf+ν
ρ〉〈uλuρ〉 457 ε
µνλρ〈Wµνu
σ〉〈f+λ
δuδhρσ〉+H.c. 1219
〈W µν∇µ∇
λf+λ
ρ〉〈uνuρ〉 458 ε
µνλρ〈Wµνu
σ〉〈f+σ
δuλhρδ〉+H.c. 1220
〈W µν∇λ∇λf+µ
ρ〉〈uνuρ〉 459 ε
µνλρ〈Wµνf−λ
σ〉〈f+ρσu
δuδ〉 1221
〈W µν∇λ∇ρf+µλ〉〈uνuρ〉 460 ε
µνλρ〈Wµνf−λ
σ〉〈f+ρ
δuσuδ〉+H.c. 1222
〈W µν∇µf+ν
λ〉〈uρf−λρ〉 461 ε
µνλρ〈Wµνf−λ
σ〉〈f+σ
δuρuδ〉+H.c. 1223
〈W µν∇λf+µλ〉〈u
ρf−νρ〉 462 ε
µνλρ〈Wµνf−
σδ〉〈f+λσuρuδ〉+H.c. 1224
〈W µν∇µf+
λρ〉〈uνf−λρ〉 463 ε
µνλρ〈Wµνh
σδ〉〈f+λρuσuδ〉 1225
〈W µν∇µf+
λρ〉〈uλf−νρ〉 464 ε
µνλρ〈Wµνh
σδ〉〈f+λσuρuδ〉+H.c. 1226
〈W µν∇λf+µ
ρ〉〈uλf−νρ〉 465 ε
µνλρ〈Wµν∇λ∇
σ∇σf+ρ
δuδ〉+H.c. 433 1227
〈W µν∇λf+λ
ρ〉〈uµf−νρ〉 466 ε
µνλρ〈Wµν∇λ∇
σ∇δf+ρσuδ〉+H.c. 434 1228
〈W µν∇λf+λ
ρ〉〈uρf−µν〉 467 ε
µνλρ〈Wµν∇
σ∇σ∇
δf+λρuδ〉+H.c. 435 1229
〈W µνf+µ
λ〉〈uρ∇νhλρ〉 468 ε
µνλρ〈Wµν∇
σ∇σ∇
δf+λδuρ〉+H.c. 436 1230
〈W µνf+µ
λ〉〈uρ∇λhνρ〉 469 ε
µνλρ〈Wµ
σ∇ν∇σ∇
δf+λδuρ〉+H.c. 437 1231
〈W µνf+µ
λ〉〈uρ∇ρhνλ〉 470 ε
µνλρ〈Wµ
σ∇ν∇
δ∇δf+λσuρ〉+H.c. 438 1232
〈W µνf+
λρ〉〈uµ∇λhνρ〉 471 ε
µνλρ〈Wµνf+λ
σ∇ρ∇
δf−σδ〉+H.c. 439 1233
〈W µνf+
λρ〉〈uλ∇µhνρ〉 472 ε
µνλρ〈Wµνf+λ
σ∇σ∇
δf−ρδ〉+H.c. 440 1234
〈W µν∇µf+ν
λ〉〈uρhλρ〉 473 ε
µνλρ〈Wµνf+λ
σ∇δ∇δf−ρσ〉+H.c. 441 1235
〈W µν∇λf+µλ〉〈u
ρhνρ〉 474 ε
µνλρ〈Wµνf+
σδ∇λ∇σf−ρδ〉+H.c. 442 1236
〈W µν∇µf+
λρ〉〈uλhνρ〉 475 ε
µνλρ〈Wµ
σf+νλ∇σ∇
δf−ρδ〉+H.c. 443 1237
〈W µν∇λf+µ
ρ〉〈uνhλρ〉 476 ε
µνλρ〈Wµ
σf+ν
δ∇λ∇δf−ρσ〉+H.c. 444 1238
〈W µν∇λf+λ
ρ〉〈uµhνρ〉 477 ε
µνλρ〈Wµ
σf+ν
δ∇σ∇δf−λρ〉+H.c. 445 1239
〈W µνf+µν〉〈f−
λρf−λρ〉 478 ε
µνλρ〈Wµν∇λf+
σδ∇ρf−σδ〉+H.c. 446 1240
〈W µνf+µ
λ〉〈f−ν
ρf−λρ〉 479 ε
µνλρ〈Wµν∇
σf+λσ∇
δf−ρδ〉+H.c. 447 1241
〈W µνf+
λρ〉〈f−µλf−νρ〉 480 ε
µνλρ〈Wµν∇
σf+λ
δ∇σf−ρδ〉+H.c. 448 1242
〈W µνf+µ
λ〉〈f−λ
ρhνρ〉 481 ε
µνλρ〈Wµν∇
σf+σ
δ∇λf−ρδ〉+H.c. 449 1243
〈W µνf+µν〉〈h
λρhλρ〉 482 ε
µνλρ〈Wµν∇
σf+σ
δ∇δf−λρ〉+H.c. 450 1244
〈W µνuµ〉〈∇ν∇
λf+λ
ρuρ〉 483 ε
µνλρ〈Wµν∇
σ∇σf+λ
δf−ρδ〉+H.c. 451 1245
〈W µνuµ〉〈∇
λ∇λf+ν
ρuρ〉 484 ε
µνλρ〈Wµν∇
σ∇δf+λσf−ρδ〉+H.c. 452 1246
〈W µνuµ〉〈∇
λ∇ρf+νλuρ〉 485 ε
µνλρ〈Wµ
σ∇ν∇
δf+λσf−ρδ〉+H.c. 453 1247
〈W µνuλ〉〈∇µ∇λf+ν
ρuρ〉 486 ε
µνλρ〈Wµ
σ∇ν∇
δf+σδf−λρ〉+H.c. 454 1248
〈W µνuµ〉〈f+ν
λ∇ρf−λρ〉 487 ε
µνλρ〈Wµνf+λ
σ∇δ∇δhρσ〉+H.c. 455 1249
〈W µνuµ〉〈f+
λρ∇νf−λρ〉 488 ε
µνλρ〈Wµνf+
σδ∇λ∇σhρδ〉+H.c. 456 1250
〈W µνuµ〉〈f+
λρ∇λf−νρ〉 489 ε
µνλρ〈Wµν∇
σf+λ
δ∇ρhσδ〉+H.c. 457 1251
〈W µνuλ〉〈f+µν∇
ρf−λρ〉 490 ε
µνλρ〈Wµν∇
σf+λ
δ∇σhρδ〉+H.c. 458 1252
〈W µνuλ〉〈f+µλ∇
ρf−νρ〉 491 ε
µνλρ〈Wµ
σ∇ν∇
δf+λσhρδ〉+H.c. 459 1253
〈W µνuλ〉〈f+µ
ρ∇νf−λρ〉 492 iε
µνλρ〈Wµνf+λρ∇
σf+σ
δuδ〉+H.c. 460 1254
〈W µνuλ〉〈f+µ
ρ∇λf−νρ〉 493 iε
µνλρ〈Wµνf+λ
σ∇ρf+σ
δuδ〉+H.c. 461 1255
〈W µνuλ〉〈f+µ
ρ∇ρf−νλ〉 494 iε
µνλρ〈Wµνf+λ
σ∇σf+ρ
δuδ〉+H.c. 462 1256
〈W µνuλ〉〈f+λ
ρ∇µf−νρ〉 495 iε
µνλρ〈Wµνf+λ
σ∇δf+ρδuσ〉+H.c. 463 1257
〈W µνuλ〉〈f+λ
ρ∇ρf−µν〉 496 iε
µνλρ〈Wµνf+λ
σ∇δf+σδuρ〉+H.c. 464 1258
〈W µνuµ〉〈∇νf+
λρf−λρ〉 497 iε
µνλρ〈Wµνf+
σδ∇λf+ρσuδ〉+H.c. 465 1259
〈W µνuµ〉〈∇
λf+λ
ρf−νρ〉 498 iε
µνλρ〈Wµνf+
σδ∇λf+σδuρ〉+H.c. 466 1260
〈W µνuλ〉〈∇µf+ν
ρf−λρ〉 499 iε
µνλρ〈Wµν∇λf+ρ
σf+σ
δuδ〉+H.c. 1261
〈W µνuλ〉〈∇µf+λ
ρf−νρ〉 500 iε
µνλρ〈Wµν∇λf+
σδf+ρσuδ〉+H.c. 1262
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〈W µνuλ〉〈∇λf+µ
ρf−νρ〉 501 iε
µνλρ〈Wµν∇
σf+λσf+ρ
δuδ〉+H.c. 1263
〈W µνuλ〉〈∇ρf+µρf−νλ〉 502 iε
µνλρ〈Wµν∇
σf+λ
δf+ρσuδ〉+H.c. 1264
〈W µνuλ〉〈∇ρf+λρf−µν〉 503 iε
µνλρ〈Wµν∇λf+
σδf+σδuρ〉+H.c. 1265
〈W µνuµ〉〈f+
λρ∇λhνρ〉 504 iε
µνλρ〈Wµν∇
σf+σ
δf+λρuδ〉+H.c. 1266
〈W µνuλ〉〈f+µ
ρ∇νhλρ〉 505 iε
µνλρ〈Wµν∇
σf+σ
δf+λδuρ〉+H.c. 1267
〈W µνuλ〉〈f+µ
ρ∇λhνρ〉 506 iε
µνλρ〈Wµνf+λρf+
σδf−σδ〉+H.c. 467 1268
〈W µνuλ〉〈f+µ
ρ∇ρhνλ〉 507 iε
µνλρ〈Wµνf+λ
σf+ρ
δf−σδ〉+H.c. 468 1269
〈W µνuλ〉〈f+λ
ρ∇µhνρ〉 508 iε
µνλρ〈Wµνf+λ
σf+σ
δf−ρδ〉+H.c. 469 1270
〈W µνuµ〉〈∇
λf+ν
ρhλρ〉 509 iε
µνλρ〈Wµνf+
σδf+λρf−σδ〉+H.c. 1271
〈W µνuµ〉〈∇
λf+λ
ρhνρ〉 510 iε
µνλρ〈Wµνf+
σδf+λσf−ρδ〉+H.c. 1272
〈W µνuλ〉〈∇µf+ν
ρhλρ〉 511 iε
µνλρ〈Wµνf+λ
σf+ρ
δhσδ〉+H.c. 1273
〈W µνuλ〉〈∇µf+λ
ρhνρ〉 512 iε
µνλρ〈Wµνf+λρu
σ∇δf+σδ〉+H.c. 470 1274
〈W µνf−µν〉〈f+
λρf−λρ〉 513 iε
µνλρ〈Wµνf+λ
σuρ∇
δf+σδ〉+H.c. 471 1275
〈W µνf−µ
λ〉〈f+λ
ρhνρ〉 514 iε
µνλρ〈Wµνf+λ
σuσ∇
δf+ρδ〉+H.c. 472 1276
〈W µν∇µ∇ν∇
λ∇λf+
ρ
ρ〉 242 515 iε
µνλρ〈Wµνf+λ
σuδ∇ρf+σδ〉+H.c. 473 1277
〈W µν∇µ∇ν∇
λ∇ρf+λρ〉 243 516 iε
µνλρ〈Wµνf+λ
σuδ∇σf+ρδ〉+H.c. 474 1278
〈W µν∇µ∇
λ∇ν∇λf+
ρ
ρ〉 244 517 iε
µνλρ〈Wµνf+
σδuλ∇ρf+σδ〉+H.c. 475 1279
〈W µν∇µ∇
λ∇ν∇
ρf+λρ〉 245 518 iε
µνλρ〈Wµνf+
σδuσ∇λf+ρδ〉+H.c. 476 1280
〈W µν∇µ∇
λ∇λ∇
ρf+νρ〉 246 519 iε
µνλρ〈Wµνf+λρf−
σδf+σδ〉+H.c. 477 1281
i〈W µνf+µνf+
λρuλuρ〉+H.c. 247 520 iε
µνλρ〈Wµνf+λ
σf−ρ
δf+σδ〉+H.c. 478 1282
i〈W µνf+µ
λf+νλu
ρuρ〉+H.c. 248 521 iε
µνλρ〈Wµνf+λ
σhσ
δf+ρδ〉 479 1283
i〈W µνf+µ
λf+ν
ρuλuρ〉+H.c. 249 522 iε
µνλρ〈Wµνuλuρu
σ∇σχ+〉+H.c. 480 1284
i〈W µνf+µ
λf+ν
ρuρuλ〉+H.c. 250 523 iε
µνλρ〈Wµνuλu
σuρ∇σχ+〉+H.c. 481 1285
i〈W µνf+µ
λf+λ
ρuνuρ〉+H.c. 251 524 iε
µνλρ〈Wµνuλu
σuσ∇ρχ+〉+H.c. 482 1286
i〈W µνf+µ
λf+λ
ρuρuν〉+H.c. 252 525 iε
µνλρ〈Wµνu
σuλuρ∇σχ+〉+H.c. 1287
i〈W µνf+
λρf+µνuλuρ〉+H.c. 253 526 iε
µνλρ〈Wµνu
σuλuσ∇ρχ+〉+H.c. 483 1288
i〈W µνf+
λρf+µλuνuρ〉+H.c. 254 527 iε
µνλρ〈Wµνu
σuσuλ∇ρχ+〉+H.c. 1289
i〈W µνf+
λρf+µλuρuν〉+H.c. 528 iε
µνλρ〈Wµνuλu
σf−ρσχ+〉+H.c. 484 1290
i〈W µνf+
λρf+λρuµuν〉+H.c. 255 529 iε
µνλρ〈Wµνu
σuλf−ρσχ+〉+H.c. 485 1291
i〈W µνf+µνu
λf+λ
ρuρ〉+H.c. 256 530 iε
µνλρ〈Wµνu
σuσf−λρχ+〉+H.c. 486 1292
i〈W µνf+µ
λuνf+λ
ρuρ〉+H.c. 257 531 iε
µνλρ〈Wµνuλuρ∇
σχ+uσ〉+H.c. 487 1293
i〈W µνf+µ
λuλf+ν
ρuρ〉+H.c. 258 532 iε
µνλρ〈Wµνuλu
σ∇ρχ+uσ〉+H.c. 488 1294
i〈W µνf+µ
λuρf+νλuρ〉+H.c. 259 533 iε
µνλρ〈Wµνuλu
σ∇σχ+uρ〉+H.c. 1295
i〈W µνf+µ
λuρf+νρuλ〉+H.c. 260 534 iε
µνλρ〈Wµνu
σuλ∇ρχ+uσ〉+H.c. 1296
i〈W µνf+µ
λuρf+λρuν〉+H.c. 261 535 iε
µνλρ〈Wµνu
σuλ∇σχ+uρ〉+H.c. 1297
i〈W µνf+
λρuµf+νλuρ〉+H.c. 262 536 iε
µνλρ〈Wµνu
σuσ∇λχ+uρ〉+H.c. 1298
i〈W µνf+
λρuµf+λρuν〉+H.c. 263 537 iε
µνλρ〈Wµνuλu
σhρσχ+〉+H.c. 489 1299
i〈W µνf+
λρuλf+µνuρ〉+H.c. 538 iε
µνλρ〈Wµνu
σuλhρσχ+〉+H.c. 490 1300
i〈W µνf+
λρuλf+µρuν〉+H.c. 539 iε
µνλρ〈Wµνuλu
σχ+f−ρσ〉+H.c. 491 1301
i〈W µνf+µνu
λuρf+λρ〉+H.c. 264 540 iε
µνλρ〈Wµνu
σuλχ+f−ρσ〉+H.c. 1302
i〈W µνf+µ
λuνu
ρf+λρ〉+H.c. 265 541 iε
µνλρ〈Wµνu
σuσχ+f−λρ〉+H.c. 1303
i〈W µνf+µ
λuλu
ρf+νρ〉 266 542 iε
µνλρ〈Wµνuλu
σχ+hρσ〉+H.c. 492 1304
i〈W µνf+µ
λuρuνf+λρ〉+H.c. 543 iε
µνλρ〈Wµνu
σuλχ+hρσ〉+H.c. 1305
i〈W µνf+µ
λuρuλf+νρ〉 544 iε
µνλρ〈Wµνuλf−ρ
σuσχ+〉+H.c. 493 1306
i〈W µνf+µ
λuρuρf+νλ〉 545 iε
µνλρ〈Wµνu
σf−λρuσχ+〉+H.c. 494 1307
i〈W µνf+
λρuµuνf+λρ〉 267 546 iε
µνλρ〈Wµνu
σf−λσuρχ+〉+H.c. 495 1308
i〈W µνuµf+ν
λf+λ
ρuρ〉+H.c. 547 iε
µνλρ〈Wµνuλf−ρ
σχ+uσ〉+H.c. 496 1309
i〈W µνuµf+
λρf+νλuρ〉+H.c. 548 iε
µνλρ〈Wµνu
σf−λρχ+uσ〉+H.c. 497 1310
i〈W µνuµf+
λρf+λρuν〉 549 iε
µνλρ〈Wµνu
σf−λσχ+uρ〉+H.c. 1311
i〈W µνuλf+µνf+λ
ρuρ〉+H.c. 550 iε
µνλρ〈Wµνuλhρ
σuσχ+〉+H.c. 1312
i〈W µνuλf+µλf+ν
ρuρ〉 551 iε
µνλρ〈Wµνu
σhλσuρχ+〉+H.c. 1313
i〈W µνuλf+µ
ρf+νλuρ〉 552 iε
µνλρ〈Wµνf−λ
σuρuσχ+〉+H.c. 1314
i〈W µνuλf+µ
ρf+νρuλ〉 553 iε
µνλρ〈Wµνf−λ
σuσuρχ+〉+H.c. 1315
i〈W µνf+µν〉〈f+
λρuλuρ〉 554 iε
µνλρ〈Wµνuλhρ
σχ+uσ〉+H.c. 1316
i〈W µνf+µ
λ〉〈f+ν
ρuλuρ〉+H.c. 555 iε
µνλρ〈Wµνu
σhλσχ+uρ〉+H.c. 1317
i〈W µνf+µ
λ〉〈f+λ
ρuνuρ〉+H.c. 556 iε
µνλρ〈Wµνuλχ+u
σf−ρσ〉+H.c. 1318
i〈W µνf+
λρ〉〈f+µνuλuρ〉 557 iε
µνλρ〈Wµνu
σχ+uλf−ρσ〉+H.c. 1319
i〈W µνf+
λρ〉〈f+µλuνuρ〉+H.c. 558 iε
µνλρ〈χ+〉〈Wµνuλu
σf−ρσ〉+H.c. 1320
i〈W µνf+
λρ〉〈f+λρuµuν〉 559 iε
µνλρ〈χ+〉〈Wµνu
σuλf−ρσ〉+H.c. 1321
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i〈W µνuµ〉〈f+ν
λf+λ
ρuρ〉+H.c. 560 iε
µνλρ〈χ+〉〈Wµνu
σuσf−λρ〉+H.c. 1322
i〈W µνuλ〉〈f+µνf+λ
ρuρ〉+H.c. 561 iε
µνλρ〈∇µχ+〉〈Wνλuρu
σuσ〉+H.c. 1323
i〈W µνuλ〉〈f+µλf+ν
ρuρ〉+H.c. 562 iε
µνλρ〈∇µχ+〉〈Wν
σuλuρuσ〉+H.c. 1324
i〈W µνuλ〉〈f+µ
ρf+νρuλ〉 563 iε
µνλρ〈∇µχ+〉〈Wν
σuλuσuρ〉 1325
i〈W µνuλ〉〈f+µ
ρf+λρuν〉+H.c. 564 iε
µνλρ〈χ+〉〈Wµνuλu
σhρσ〉+H.c. 1326
i〈W µν∇µf+ν
λ∇ρf+λρ〉+H.c. 268 565 iε
µνλρ〈χ+〉〈Wµνu
σuλhρσ〉+H.c. 1327
i〈W µν∇µf+
λρ∇νf+λρ〉 269 566 iε
µνλρ〈χ+〉〈Wµνuλf−ρ
σuσ〉+H.c. 1328
i〈W µν∇λf+µλ∇
ρf+νρ〉 270 567 iε
µνλρ〈Wµνuλ〉〈uρu
σ∇σχ+〉+H.c. 1329
i〈W µν∇λf+µ
ρ∇λf+νρ〉 271 568 iε
µνλρ〈Wµνu
σ〉〈uλuρ∇σχ+〉 1330
i〈W µνf+µ
λ∇ν∇
ρf+λρ〉+H.c. 272 569 iε
µνλρ〈Wµνu
σ〉〈uλuσ∇ρχ+〉+H.c. 1331
i〈W µνf+µ
λ∇λ∇
ρf+νρ〉+H.c. 273 570 iε
µνλρ〈Wµνuλ〉〈u
σf−ρσχ+〉+H.c. 1332
i〈W µνf+µ
λ∇ρ∇ρf+νλ〉+H.c. 274 571 iε
µνλρ〈Wµνu
σ〉〈uλf−ρσχ+〉+H.c. 1333
i〈W µνf+
λρ∇µ∇λf+νρ〉+H.c. 275 572 iε
µνλρ〈Wµνu
σ〉〈uσf−λρχ+〉+H.c. 1334
〈W µνf+µνf+
λρf+λρ〉+H.c. 276 573 iε
µνλρ〈Wµνuλ〉〈u
σhρσχ+〉+H.c. 1335
〈W µνf+µ
λf+ν
ρf+λρ〉+H.c. 277 574 iε
µνλρ〈Wµνu
σ〉〈uλhρσχ+〉+H.c. 1336
〈W µνf+µ
λf+λ
ρf+νρ〉 278 575 iε
µνλρ〈Wµνf−λ
σ〉〈uρuσχ+〉+H.c. 1337
〈W µνf+
λρf+µνf+λρ〉 279 576 iε
µνλρ〈Wµν∇
σχ+〉〈uλuρuσ〉 1338
〈W µνf+µν〉〈f+
λρf+λρ〉 280 577 iε
µνλρ〈Wµνχ+〉〈uλu
σf−ρσ〉+H.c. 1339
〈f+
µν〉〈W λρf+λρf+µν〉+H.c. 281 iε
µνλρ〈Wµνχ+〉〈uλu
σhρσ〉+H.c. 1340
〈W µνf+µ
λ〉〈f+ν
ρf+λρ〉 282 578 iε
µνλρ〈Wµνuλ∇ρ∇
σ∇σχ+〉+H.c. 498 1341
〈f+
µν〉〈W λρf+µλf+νρ〉 283 iε
µνλρ〈Wµνf−λ
σ∇ρ∇σχ+〉+H.c. 499 1342
i〈W µνuµuνu
λuλχ+〉+H.c. 284 579 iε
µνλρ〈Wµν∇
σf−λρ∇σχ+〉+H.c. 500 1343
i〈W µνuµu
λuνuλχ+〉+H.c. 285 580 iε
µνλρ〈Wµν∇
σf−λσ∇ρχ+〉+H.c. 501 1344
i〈W µνuµu
λuλuνχ+〉+H.c. 581 iε
µνλρ〈Wµν∇
σ∇σf−λρχ+〉+H.c. 502 1345
i〈W µνuλuµuνuλχ+〉+H.c. 582 iε
µνλρ〈Wµνhλ
σ∇ρ∇σχ+〉+H.c. 503 1346
i〈W µνuλuµuλuνχ+〉+H.c. 583 ε
µνλρ〈Wµνf+λρu
σ∇σχ+〉+H.c. 504 1347
i〈W µνuλuλuµuνχ+〉+H.c. 584 ε
µνλρ〈Wµνf+λ
σuρ∇σχ+〉+H.c. 505 1348
i〈W µνuµuνu
λχ+uλ〉+H.c. 585 ε
µνλρ〈Wµνf+λ
σuσ∇ρχ+〉+H.c. 506 1349
i〈W µνuµu
λuνχ+uλ〉+H.c. 586 ε
µνλρ〈Wµν∇λf+ρ
σuσχ+〉+H.c. 507 1350
i〈W µνuµu
λuλχ+uν〉+H.c. 587 ε
µνλρ〈Wµν∇
σf+λσuρχ+〉+H.c. 508 1351
i〈W µνuλuµuνχ+uλ〉+H.c. 588 ε
µνλρ〈Wµνf+λ
σf−ρσχ+〉+H.c. 509 1352
i〈W µνuλuµuλχ+uν〉+H.c. 589 ε
µνλρ〈Wµνf+λρ∇
σχ+uσ〉+H.c. 510 1353
i〈W µνuλuλuµχ+uν〉+H.c. 590 ε
µνλρ〈Wµνf+λ
σ∇ρχ+uσ〉+H.c. 511 1354
i〈W µνuµuνχ+u
λuλ〉+H.c. 591 ε
µνλρ〈Wµνf+λ
σ∇σχ+uρ〉+H.c. 512 1355
i〈W µνuµu
λχ+uνuλ〉+H.c. 592 ε
µνλρ〈Wµν∇λf+ρ
σχ+uσ〉+H.c. 513 1356
i〈W µνuµu
λχ+uλuν〉 593 ε
µνλρ〈Wµν∇
σf+λσχ+uρ〉+H.c. 514 1357
i〈W µνuλuµχ+uνuλ〉 594 ε
µνλρ〈Wµνf+λ
σχ+f−ρσ〉+H.c. 515 1358
i〈χ+〉〈W
µνuµuνu
λuλ〉+H.c. 595 ε
µνλρ〈Wµνuλf+ρ
σ∇σχ+〉+H.c. 516 1359
i〈χ+〉〈W
µνuµu
λuνuλ〉+H.c. 596 ε
µνλρ〈Wµνu
σf+λρ∇σχ+〉+H.c. 517 1360
i〈χ+〉〈W
µνuµu
λuλuν〉 597 ε
µνλρ〈Wµνu
σf+λσ∇ρχ+〉+H.c. 518 1361
i〈χ+〉〈W
µνuλuµuνuλ〉 598 ε
µνλρ〈Wµνuλ∇
σf+ρσχ+〉+H.c. 519 1362
i〈W µνuµ〉〈uνu
λuλχ+〉+H.c. 599 ε
µνλρ〈Wµνu
σ∇λf+ρσχ+〉+H.c. 520 1363
i〈W µνuλ〉〈uµuνuλχ+〉+H.c. 600 ε
µνλρ〈Wµνf−λ
σf+ρσχ+〉+H.c. 521 1364
i〈W µνuλ〉〈uµuλuνχ+〉 601 ε
µνλρ〈f+µν〉〈Wλρu
σ∇σχ+〉+H.c. 522
i〈W µνχ+〉〈uµuνu
λuλ〉 602 ε
µνλρ〈f+µν〉〈Wλ
σuρ∇σχ+〉+H.c. 523
i〈W µνuµuν∇
λ∇λχ+〉+H.c. 286 603 ε
µνλρ〈f+µν〉〈Wλ
σuσ∇ρχ+〉+H.c. 524
i〈W µνuµu
λ∇ν∇λχ+〉+H.c. 287 604 ε
µνλρ〈∇µf+ν
σ〉〈Wλρuσχ+〉+H.c. 525
i〈W µνuλuµ∇ν∇λχ+〉+H.c. 605 ε
µνλρ〈∇µf+ν
σ〉〈Wλσuρχ+〉+H.c. 526
i〈W µνuµf−ν
λ∇λχ+〉+H.c. 288 606 ε
µνλρ〈f+µν〉〈Wλ
σf−ρσχ+〉+H.c. 527
i〈W µνuλf−µν∇λχ+〉+H.c. 289 607 ε
µνλρ〈χ+〉〈Wµν∇λf+ρ
σuσ〉+H.c. 1365
i〈W µνuλf−µλ∇νχ+〉+H.c. 290 608 ε
µνλρ〈χ+〉〈Wµν∇
σf+λσuρ〉+H.c. 1366
i〈W µνuµ∇
λf−νλχ+〉+H.c. 291 609 ε
µνλρ〈∇µχ+〉〈Wνλf+ρ
σuσ〉+H.c. 1367
i〈W µνuλ∇µf−νλχ+〉+H.c. 292 610 ε
µνλρ〈∇µχ+〉〈Wν
σf+λρuσ〉+H.c. 1368
i〈W µνuλ∇λf−µνχ+〉+H.c. 293 611 ε
µνλρ〈∇µχ+〉〈Wν
σf+λσuρ〉+H.c. 1369
i〈W µνuµhν
λ∇λχ+〉+H.c. 294 612 ε
µνλρ〈χ+〉〈Wµνf+λ
σf−ρσ〉+H.c. 1370
i〈W µνuλhµλ∇νχ+〉+H.c. 295 613 ε
µνλρ〈Wµνf+λρ〉〈u
σ∇σχ+〉 1371
i〈W µνuλ∇µhνλχ+〉+H.c. 296 614 ε
µνλρ〈Wµνf+λ
σ〉〈uρ∇σχ+〉 1372
i〈W µνuµ∇ν∇
λχ+uλ〉+H.c. 615 ε
µνλρ〈Wµνf+λ
σ〉〈uσ∇ρχ+〉 1373
i〈W µνuµ∇
λ∇λχ+uν〉 616 ε
µνλρ〈Wµν∇λf+ρ
σ〉〈uσχ+〉 1374
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i〈W µνuµχ+∇
λf−νλ〉+H.c. 617 ε
µνλρ〈Wµν∇
σf+λσ〉〈uρχ+〉 1375
i〈W µνuλχ+∇µf−νλ〉+H.c. 618 ε
µνλρ〈Wµνf+λ
σ〉〈f−ρσχ+〉 1376
i〈W µνuλχ+∇λf−µν〉+H.c. 619 ε
µνλρ〈Wµνuλ〉〈f+ρ
σ∇σχ+〉 1377
i〈W µνuµ∇
λχ+f−νλ〉+H.c. 620 ε
µνλρ〈Wµνu
σ〉〈f+λρ∇σχ+〉 1378
i〈W µνuλ∇µχ+f−νλ〉+H.c. 621 ε
µνλρ〈Wµνu
σ〉〈f+λσ∇ρχ+〉 1379
i〈W µνuλ∇λχ+f−µν〉+H.c. 622 ε
µνλρ〈Wµνuλ〉〈∇
σf+ρσχ+〉 1380
i〈W µνuλχ+∇µhνλ〉+H.c. 623 ε
µνλρ〈Wµνu
σ〉〈∇λf+ρσχ+〉 1381
i〈W µνuµ∇
λχ+hνλ〉+H.c. 624 ε
µνλρ〈Wµνf−λ
σ〉〈f+ρσχ+〉 1382
i〈W µνuλ∇µχ+hνλ〉+H.c. 625 iε
µνλρ〈Wµνf−λρχ
2
+〉+H.c. 528 1383
i〈W µνf−µνu
λ∇λχ+〉+H.c. 626 iε
µνλρ〈Wµνuλχ+∇ρχ+〉+H.c. 1384
i〈W µνf−µ
λuν∇λχ+〉+H.c. 627 iε
µνλρ〈Wµνχ+uλ∇ρχ+〉+H.c. 529 1385
i〈W µνf−µ
λuλ∇νχ+〉+H.c. 628 iε
µνλρ〈χ+〉〈Wµνf−λρχ+〉+H.c. 1386
i〈W µν∇µf−ν
λuλχ+〉+H.c. 629 iε
µνλρ〈∇µχ+〉〈Wνλuρχ+〉+H.c. 1387
i〈W µν∇λf−µνuλχ+〉+H.c. 630 ε
µνλρ〈Wµνuλuρu
σuσχ−〉+H.c. 530 1388
i〈W µν∇λf−µλuνχ+〉+H.c. 631 ε
µνλρ〈Wµνuλu
σuρuσχ−〉+H.c. 531 1389
i〈W µνf−µ
λf−νλχ+〉+H.c. 297 632 ε
µνλρ〈Wµνuλu
σuσuρχ−〉+H.c. 1390
i〈W µνf−µ
λχ+f−νλ〉 633 ε
µνλρ〈Wµνu
σuλuρuσχ−〉+H.c. 1391
i〈W µνhµ
λuν∇λχ+〉+H.c. 634 ε
µνλρ〈Wµνu
σuλuσuρχ−〉+H.c. 1392
i〈W µνhµ
λuλ∇νχ+〉+H.c. 635 ε
µνλρ〈Wµνu
σuσuλuρχ−〉+H.c. 1393
i〈W µν∇µhν
λuλχ+〉+H.c. 636 ε
µνλρ〈Wµνuλuρu
σχ−uσ〉+H.c. 1394
i〈W µνhµ
λhνλχ+〉+H.c. 298 637 ε
µνλρ〈Wµνuλu
σuρχ−uσ〉+H.c. 1395
i〈W µνhµ
λχ+hνλ〉 638 ε
µνλρ〈Wµνuλu
σuσχ−uρ〉+H.c. 1396
i〈χ+〉〈W
µνuµ∇
λf−νλ〉+H.c. 639 ε
µνλρ〈Wµνu
σuλuρχ−uσ〉+H.c. 1397
i〈χ+〉〈W
µνuλ∇µf−νλ〉+H.c. 640 ε
µνλρ〈Wµνu
σuλuσχ−uρ〉+H.c. 1398
i〈χ+〉〈W
µνuλ∇λf−µν〉+H.c. 641 ε
µνλρ〈Wµνu
σuσuλχ−uρ〉+H.c. 1399
i〈χ+〉〈W
µνuλ∇µhνλ〉+H.c. 642 ε
µνλρ〈Wµνuλuρχ−u
σuσ〉+H.c. 1400
i〈∇µχ+〉〈Wµ
νuλf−νλ〉+H.c. 643 ε
µνλρ〈Wµνuλu
σχ−uρuσ〉+H.c. 1401
i〈∇µχ+〉〈W
νλuµf−νλ〉+H.c. 644 ε
µνλρ〈Wµνuλu
σχ−uσuρ〉 1402
i〈∇µχ+〉〈W
νλuνf−µλ〉+H.c. 645 ε
µνλρ〈Wµνu
σuλχ−uρuσ〉 1403
i〈∇µ∇µχ+〉〈W
νλuνuλ〉 646 ε
µνλρ〈χ−〉〈Wµνuλuρu
σuσ〉+H.c. 1404
i〈∇µ∇νχ+〉〈Wµ
λuνuλ〉+H.c. 647 ε
µνλρ〈χ−〉〈Wµνuλu
σuρuσ〉+H.c. 1405
i〈∇µχ+〉〈Wµ
νuλhνλ〉+H.c. 648 ε
µνλρ〈χ−〉〈Wµνuλu
σuσuρ〉 1406
i〈∇µχ+〉〈W
νλuνhµλ〉+H.c. 649 ε
µνλρ〈χ−〉〈Wµνu
σuλuρuσ〉 1407
i〈χ+〉〈W
µνf−µ
λf−νλ〉 650 ε
µνλρ〈Wµνuλ〉〈uρu
σuσχ−〉+H.c. 1408
i〈χ+〉〈W
µνhµ
λhνλ〉 651 ε
µνλρ〈Wµνu
σ〉〈uλuρuσχ−〉+H.c. 1409
〈W µνf+µνu
λuλχ+〉+H.c. 299 652 ε
µνλρ〈Wµνu
σ〉〈uλuσuρχ−〉 1410
〈W µνf+µ
λuνuλχ+〉+H.c. 300 653 ε
µνλρ〈Wµνχ−〉〈uλuρu
σuσ〉 1411
〈W µνf+µ
λuλuνχ+〉+H.c. 301 654 ε
µνλρ〈Wµνuλuρ∇
σ∇σχ−〉+H.c. 532 1412
〈W µνf+µνu
λχ+uλ〉+H.c. 302 655 ε
µνλρ〈Wµνuλu
σ∇ρ∇σχ−〉+H.c. 533 1413
〈W µνf+µ
λuνχ+uλ〉+H.c. 303 656 ε
µνλρ〈Wµνu
σuλ∇ρ∇σχ−〉+H.c. 1414
〈W µνf+µ
λuλχ+uν〉+H.c. 304 657 ε
µνλρ〈Wµνuλf−ρ
σ∇σχ−〉+H.c. 534 1415
〈W µνf+µνχ+u
λuλ〉+H.c. 658 ε
µνλρ〈Wµνu
σf−λρ∇σχ−〉+H.c. 535 1416
〈W µνf+µ
λχ+uνuλ〉+H.c. 659 ε
µνλρ〈Wµνu
σf−λσ∇ρχ−〉+H.c. 536 1417
〈W µνf+µ
λχ+uλuν〉+H.c. 660 ε
µνλρ〈Wµνuλ∇
σf−ρσχ−〉+H.c. 537 1418
〈W µνuµf+ν
λuλχ+〉+H.c. 305 661 ε
µνλρ〈Wµνu
σ∇λf−ρσχ−〉+H.c. 538 1419
〈W µνuλf+µνuλχ+〉+H.c. 306 662 ε
µνλρ〈Wµνu
σ∇σf−λρχ−〉+H.c. 539 1420
〈f+
µν〉〈Wµνu
λuλχ+〉+H.c. 307 ε
µνλρ〈Wµνuλhρ
σ∇σχ−〉+H.c. 1421
〈f+
µν〉〈Wµ
λuνuλχ+〉+H.c. 308 ε
µνλρ〈Wµνu
σhλσ∇ρχ−〉+H.c. 540 1422
〈W µνuλf+µλuνχ+〉+H.c. 663 ε
µνλρ〈Wµνu
σ∇λhρσχ−〉+H.c. 541 1423
〈W µνuµf+ν
λχ+uλ〉+H.c. 664 ε
µνλρ〈Wµνuλ∇ρ∇
σχ−uσ〉+H.c. 1424
〈W µνuλf+µνχ+uλ〉+H.c. 665 ε
µνλρ〈Wµνuλ∇
σ∇σχ−uρ〉 1425
〈W µνuλf+µλχ+uν〉+H.c. 666 ε
µνλρ〈Wµνuλχ−∇
σf−ρσ〉+H.c. 1426
〈W µνuµu
λf+νλχ+〉+H.c. 667 ε
µνλρ〈Wµνu
σχ−∇λf−ρσ〉+H.c. 1427
〈W µνuλuµf+νλχ+〉+H.c. 668 ε
µνλρ〈Wµνu
σχ−∇σf−λρ〉+H.c. 1428
〈W µνuλuλf+µνχ+〉+H.c. 669 ε
µνλρ〈Wµνuλ∇
σχ−f−ρσ〉+H.c. 1429
〈χ+〉〈W
µνf+µνu
λuλ〉+H.c. 670 ε
µνλρ〈Wµνu
σ∇λχ−f−ρσ〉+H.c. 1430
〈χ+〉〈W
µνf+µ
λuνuλ〉+H.c. 671 ε
µνλρ〈Wµνu
σ∇σχ−f−λρ〉+H.c. 1431
〈χ+〉〈W
µνf+µ
λuλuν〉+H.c. 672 ε
µνλρ〈Wµνf−λ
σuρ∇σχ−〉+H.c. 1432
〈χ+〉〈W
µνuµf+ν
λuλ〉+H.c. 673 ε
µνλρ〈Wµνf−λ
σuσ∇ρχ−〉+H.c. 1433
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〈χ+〉〈W
µνuλf+µνuλ〉 674 ε
µνλρ〈Wµν∇λf−ρ
σuσχ−〉+H.c. 1434
〈W µνf+µν〉〈u
λuλχ+〉 675 ε
µνλρ〈Wµν∇
σf−λρuσχ−〉+H.c. 1435
〈W µνf+µ
λ〉〈uνuλχ+〉+H.c. 676 ε
µνλρ〈Wµν∇
σf−λσuρχ−〉+H.c. 1436
〈W µνuµ〉〈f+ν
λuλχ+〉+H.c. 677 ε
µνλρ〈Wµνu
σχ−∇λhρσ〉+H.c. 1437
〈W µνuλ〉〈f+µνuλχ+〉+H.c. 678 ε
µνλρ〈Wµνu
σ∇λχ−hρσ〉+H.c. 1438
〈W µνuλ〉〈f+µλuνχ+〉+H.c. 679 ε
µνλρ〈Wµνf−λ
σf−ρσχ−〉+H.c. 542 1439
〈W µνχ+〉〈f+µνu
λuλ〉 680 ε
µνλρ〈Wµνf−λ
σχ−f−ρσ〉 1440
〈W µνχ+〉〈f+µ
λuνuλ〉+H.c. 681 ε
µνλρ〈Wµνhλ
σuσ∇ρχ−〉+H.c. 1441
〈f+
µνuµ〉〈Wν
λuλχ+〉+H.c. 682 ε
µνλρ〈χ−〉〈Wµνuλ∇
σf−ρσ〉+H.c. 1442
〈f+
µνuλ〉〈Wµνuλχ+〉+H.c. 683 ε
µνλρ〈χ−〉〈Wµνu
σ∇λf−ρσ〉+H.c. 1443
〈f+
µνuλ〉〈Wµλuνχ+〉+H.c. 684 ε
µνλρ〈χ−〉〈Wµνu
σ∇σf−λρ〉+H.c. 1444
〈W µν∇µf+ν
λ∇λχ+〉+H.c. 309 685 ε
µνλρ〈∇µ∇
σχ−〉〈Wνλuρuσ〉+H.c. 1445
〈W µν∇λf+µλ∇νχ+〉+H.c. 310 686 ε
µνλρ〈∇µ∇
σχ−〉〈Wνσuλuρ〉 1446
〈W µν∇µ∇
λf+νλχ+〉+H.c. 311 687 ε
µνλρ〈∇µχ−〉〈Wνλu
σf−ρσ〉+H.c. 1447
〈W µνf+µν∇
λ∇λχ+〉+H.c. 312 688 ε
µνλρ〈∇µχ−〉〈Wν
σuλf−ρσ〉+H.c. 1448
〈W µνf+µ
λ∇ν∇λχ+〉+H.c. 313 689 ε
µνλρ〈∇µχ−〉〈Wν
σuσf−λρ〉+H.c. 1449
〈∇µχ+〉〈W
νλ∇νf+µλ〉 314 690 ε
µνλρ〈χ−〉〈Wµνu
σ∇λhρσ〉+H.c. 1450
〈∇µχ+〉〈Wµ
ν∇λf+νλ〉 315 691 ε
µνλρ〈∇µχ−〉〈Wνλu
σhρσ〉+H.c. 1451
〈χ+〉〈W
µν∇µ∇
λf+νλ〉 316 692 ε
µνλρ〈χ−〉〈Wµνf−λ
σf−ρσ〉 1452
〈∇µ∇µχ+〉〈W
νλf+νλ〉 317 693 iε
µνλρ〈Wµνf+λρu
σuσχ−〉+H.c. 543 1453
〈∇µ∇νχ+〉〈Wµ
λf+νλ〉 318 694 iε
µνλρ〈Wµνf+λ
σuρuσχ−〉+H.c. 544 1454
i〈W µνf+µ
λf+νλχ+〉+H.c. 319 695 iε
µνλρ〈Wµνf+λ
σuσuρχ−〉+H.c. 545 1455
i〈W µνf+µ
λχ+f+νλ〉 320 696 iε
µνλρ〈Wµνf+λρu
σχ−uσ〉+H.c. 546 1456
i〈χ+〉〈W
µνf+µ
λf+νλ〉 697 iε
µνλρ〈Wµνf+λ
σuρχ−uσ〉+H.c. 547 1457
i〈W µνuµuνχ
2
+〉+H.c. 321 698 iε
µνλρ〈Wµνf+λ
σuσχ−uρ〉+H.c. 548 1458
i〈W µνuµχ+uνχ+〉+H.c. 322 699 iε
µνλρ〈Wµνf+λρχ−u
σuσ〉+H.c. 1459
i〈W µνuµχ
2
+uν〉 700 iε
µνλρ〈Wµνf+λ
σχ−uρuσ〉+H.c. 1460
i〈W µνχ+uµuνχ+〉 323 701 iε
µνλρ〈Wµνf+λ
σχ−uσuρ〉+H.c. 1461
i〈χ2+〉〈W
µνuµuν〉 702 iε
µνλρ〈Wµνuλf+ρ
σuσχ−〉+H.c. 549 1462
i〈χ+〉〈W
µνuµuνχ+〉+H.c. 703 iε
µνλρ〈Wµνu
σf+λρuσχ−〉+H.c. 550 1463
i〈uµχ+〉〈Wµ
νuνχ+〉+H.c. 704 iε
µνλρ〈f+µν〉〈Wλρu
σuσχ−〉+H.c. 551
i〈χ+〉〈W
µνuµχ+uν〉 705 iε
µνλρ〈f+µν〉〈Wλ
σuρuσχ−〉+H.c. 552
i〈W µν∇µχ+∇νχ+〉 324 706 iε
µνλρ〈Wµνu
σf+λσuρχ−〉+H.c. 1464
〈W µνf+µνχ
2
+〉+H.c. 325 707 iε
µνλρ〈Wµνuλf+ρ
σχ−uσ〉+H.c. 1465
〈W µνχ+f+µνχ+〉 326 708 iε
µνλρ〈Wµνu
σf+λρχ−uσ〉+H.c. 1466
〈W µνf+µν〉〈χ
2
+〉 327 709 iε
µνλρ〈Wµνu
σf+λσχ−uρ〉+H.c. 1467
〈χ+〉〈W
µνf+µνχ+〉+H.c. 328 710 iε
µνλρ〈Wµνuλu
σf+ρσχ−〉+H.c. 1468
〈W µνχ+〉〈f+µνχ+〉 711 iε
µνλρ〈Wµνu
σuλf+ρσχ−〉+H.c. 1469
〈W µνuµuνu
λ∇λχ−〉+H.c. 329 712 iε
µνλρ〈Wµνu
σuσf+λρχ−〉+H.c. 1470
〈W µνuµu
λuν∇λχ−〉+H.c. 330 713 iε
µνλρ〈χ−〉〈Wµνf+λρu
σuσ〉+H.c. 1471
〈W µνuµu
λuλ∇νχ−〉+H.c. 331 714 iε
µνλρ〈χ−〉〈Wµνf+λ
σuρuσ〉+H.c. 1472
〈W µνuλuµuν∇λχ−〉+H.c. 715 iε
µνλρ〈χ−〉〈Wµνf+λ
σuσuρ〉+H.c. 1473
〈W µνuλuµuλ∇νχ−〉+H.c. 332 716 iε
µνλρ〈χ−〉〈Wµνuλf+ρ
σuσ〉+H.c. 1474
〈W µνuλuλuµ∇νχ−〉+H.c. 717 iε
µνλρ〈χ−〉〈Wµνu
σf+λρuσ〉 1475
〈W µνuµu
λf−νλχ−〉+H.c. 333 718 iε
µνλρ〈Wµνf+λρ〉〈u
σuσχ−〉 1476
〈W µνuλuµf−νλχ−〉+H.c. 334 719 iε
µνλρ〈Wµνf+λ
σ〉〈uρuσχ−〉+H.c. 1477
〈W µνuλuλf−µνχ−〉+H.c. 335 720 iε
µνλρ〈Wµνuλ〉〈f+ρ
σuσχ−〉+H.c. 1478
〈W µνuµu
λhνλχ−〉+H.c. 336 721 iε
µνλρ〈Wµνu
σ〉〈f+λρuσχ−〉+H.c. 1479
〈W µνuλuµhνλχ−〉+H.c. 337 722 iε
µνλρ〈Wµνu
σ〉〈f+λσuρχ−〉+H.c. 1480
〈W µνuµuν∇
λχ−uλ〉+H.c. 338 723 iε
µνλρ〈f+µνuλ〉〈Wρ
σuσχ−〉+H.c. 1481
〈W µνuµu
λ∇νχ−uλ〉+H.c. 339 724 iε
µνλρ〈f+µνu
σ〉〈Wλρuσχ−〉+H.c. 1482
〈W µνuµu
λ∇λχ−uν〉+H.c. 725 iε
µνλρ〈f+µνu
σ〉〈Wλσuρχ−〉+H.c. 1483
〈W µνuλuµ∇νχ−uλ〉+H.c. 726 iε
µνλρ〈Wµνχ−〉〈f+λρu
σuσ〉 1484
〈W µνuλuµ∇λχ−uν〉+H.c. 727 iε
µνλρ〈Wµνχ−〉〈f+λ
σuρuσ〉+H.c. 1485
〈W µνuλuλ∇µχ−uν〉+H.c. 728 iε
µνλρ〈Wµνf+λρ∇
σ∇σχ−〉+H.c. 553 1486
〈W µνuµu
λχ−f−νλ〉+H.c. 340 729 iε
µνλρ〈Wµνf+λ
σ∇ρ∇σχ−〉+H.c. 554 1487
〈W µνuλuµχ−f−νλ〉+H.c. 730 iε
µνλρ〈Wµν∇
σf+λσ∇ρχ−〉+H.c. 555 1488
〈W µνuλuλχ−f−µν〉+H.c. 731 iε
µνλρ〈f+µν〉〈Wλρ∇
σ∇σχ−〉 556
〈W µνuµf−ν
λuλχ−〉+H.c. 341 732 iε
µνλρ〈f+µν〉〈Wλ
σ∇ρ∇σχ−〉 557
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〈W µνuλf−µνuλχ−〉+H.c. 342 733 iε
µνλρ〈∇µf+ν
σ〉〈Wλσ∇ρχ−〉 558
〈W µνuλf−µλuνχ−〉+H.c. 343 734 iε
µνλρ〈χ−〉〈Wµν∇λ∇
σf+ρσ〉 1489
〈W µνuµu
λχ−hνλ〉+H.c. 344 735 iε
µνλρ〈∇µχ−〉〈Wν
σ∇λf+ρσ〉 1490
〈W µνuλuµχ−hνλ〉+H.c. 736 iε
µνλρ〈∇µ∇
σχ−〉〈Wνσf+λρ〉 1491
〈W µνuµf−ν
λχ−uλ〉+H.c. 345 737 ε
µνλρ〈Wµνf+λ
σf+ρσχ−〉+H.c. 559 1492
〈W µνuλf−µνχ−uλ〉+H.c. 346 738 ε
µνλρ〈Wµνf+λ
σχ−f+ρσ〉 560 1493
〈W µνuλf−µλχ−uν〉+H.c. 739 ε
µνλρ〈χ−〉〈Wµνf+λ
σf+ρσ〉 1494
〈W µνuµhν
λuλχ−〉+H.c. 347 740 ε
µνλρ〈Wµνuλuρχ+χ−〉+H.c. 561 1495
〈W µνuλhµλuνχ−〉+H.c. 741 ε
µνλρ〈Wµνuλuρχ−χ+〉+H.c. 562 1496
〈W µνuµhν
λχ−uλ〉+H.c. 348 742 ε
µνλρ〈Wµνuλχ+uρχ−〉+H.c. 563 1497
〈W µνuλhµλχ−uν〉+H.c. 743 ε
µνλρ〈Wµνuλχ−uρχ+〉+H.c. 1498
〈W µνf−µνu
λuλχ−〉+H.c. 744 ε
µνλρ〈Wµνuλχ+χ−uρ〉+H.c. 1499
〈W µνf−µ
λuνuλχ−〉+H.c. 745 ε
µνλρ〈Wµνχ+uλuρχ−〉+H.c. 564 1500
〈W µνf−µ
λuλuνχ−〉+H.c. 746 ε
µνλρ〈χ+〉〈Wµνuλuρχ−〉+H.c. 1501
〈W µνuµχ−u
λf−νλ〉+H.c. 747 ε
µνλρ〈χ+〉〈Wµνuλχ−uρ〉 1502
〈W µνuλχ−uµf−νλ〉+H.c. 748 ε
µνλρ〈χ−〉〈Wµνuλuρχ+〉+H.c. 1503
〈W µνuλχ−uλf−µν〉+H.c. 749 ε
µνλρ〈χ−〉〈Wµνuλχ+uρ〉 1504
〈W µνuµχ−u
λhνλ〉+H.c. 750 ε
µνλρ〈Wµνuλ〉〈uρχ+χ−〉+H.c. 1505
〈W µνhµ
λuνuλχ−〉+H.c. 751 ε
µνλρ〈Wµνχ+〉〈uλuρχ−〉 1506
〈χ−〉〈W
µνuµu
λf−νλ〉+H.c. 752 ε
µνλρ〈Wµνχ−〉〈uλuρχ+〉 1507
〈χ−〉〈W
µνuλuµf−νλ〉+H.c. 753 ε
µνλρ〈χ+χ−〉〈Wµνuλuρ〉 1508
〈χ−〉〈W
µνuλuλf−µν〉+H.c. 754 ε
µνλρ〈Wµν∇λχ+∇ρχ−〉+H.c. 565 1509
〈∇µχ−〉〈Wµ
νuνu
λuλ〉+H.c. 755 iε
µνλρ〈Wµνf+λρχ+χ−〉+H.c. 566 1510
〈∇µχ−〉〈W
νλuµuνuλ〉+H.c. 756 iε
µνλρ〈Wµνf+λρχ−χ+〉+H.c. 567 1511
〈∇µχ−〉〈W
νλuνuµuλ〉 757 iε
µνλρ〈Wµνχ+f+λρχ−〉+H.c. 568 1512
〈χ−〉〈W
µνuµu
λhνλ〉+H.c. 758 iε
µνλρ〈Wµνf+λρ〉〈χ+χ−〉 569 1513
〈χ−〉〈W
µνuλuµhνλ〉+H.c. 759 iε
µνλρ〈χ−〉〈Wµνf+λρχ+〉+H.c. 570 1514
〈χ−〉〈W
µνuµf−ν
λuλ〉+H.c. 760 iε
µνλρ〈χ+〉〈Wµνf+λρχ−〉+H.c. 571 1515
〈W µνuµ〉〈uνu
λ∇λχ−〉+H.c. 761 iε
µνλρ〈Wµνχ+〉〈f+λρχ−〉 1516
〈W µνuλ〉〈uµuν∇λχ−〉 762 iε
µνλρ〈Wµνχ−〉〈f+λρχ+〉 1517
〈W µνuλ〉〈uµuλ∇νχ−〉+H.c. 763 iε
µνλρ〈Wµνf−λρχ
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−〉+H.c. 572 1518
〈W µνuµ〉〈u
λf−νλχ−〉+H.c. 764 iε
µνλρ〈Wµνuλχ−∇ρχ−〉+H.c. 1519
〈W µνuλ〉〈uµf−νλχ−〉+H.c. 765 iε
µνλρ〈Wµνχ−uλ∇ρχ−〉+H.c. 573 1520
〈W µνuλ〉〈uλf−µνχ−〉+H.c. 766 iε
µνλρ〈χ−〉〈Wµνf−λρχ−〉+H.c. 1521
〈W µνuµ〉〈u
λhνλχ−〉+H.c. 767 iε
µνλρ〈∇µχ−〉〈Wνλuρχ−〉+H.c. 1522
〈W µνuλ〉〈uµhνλχ−〉+H.c. 768
TABLE VI: The NNLO chiral Lagrangians with vector mesons in the
HLS approach. Some terms similar to Refs. [7, 8] are ignored. These
terms can be obtained by the relations in Table II directly. n is a total
serial number.
Pn n SU(2) SU(3) Pn n SU(2) SU(3)
i〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ⊥
λVνλ〉+H.c. 1 1 1 i〈aˆ⊥
µaˆ‖
ν aˆ‖νHˆµ
λ
aˆ‖λ〉+H.c. 387 387
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ⊥
λVνλ〉+H.c. 2 2 2 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Hˆµν aˆ‖λ〉+H.c. 388 190 388
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ⊥
λVµλ〉 3 3 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Hˆµλaˆ‖ν〉+H.c. 389 389
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ⊥µVνλ〉 4 4 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Hˆνλaˆ‖µ〉+H.c. 390 390
i〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ⊥
λVνλ〉 5 5 i〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ‖
λ
Aˆνλ〉+H.c. 391 191 391
〈aˆ⊥
µaˆ⊥µV
νλ
Vˆνλ〉+H.c. 6 3 6 i〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ‖
λ
Aˆνλ〉+H.c. 392 192 392
〈aˆ⊥
µaˆ⊥
νVµ
λ
Vˆνλ〉+H.c. 7 4 7 i〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ‖
λ
Aˆµλ〉+H.c. 393 193 393
〈aˆ⊥
µaˆ⊥
νVν
λ
Vˆµλ〉+H.c. 8 5 8 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖µAˆνλ〉+H.c. 394 394
〈aˆ⊥
µVµ
ν aˆ⊥
λ
Vˆνλ〉+H.c. 9 6 9 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖νAˆµλ〉+H.c. 395 194 395
〈aˆ⊥
µV νλaˆ⊥µVˆνλ〉 10 7 10 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖λAˆµν〉+H.c. 396 396
〈aˆ⊥
µaˆ⊥µ〉〈V
νλ
Vˆνλ〉 11 11 i〈aˆ⊥
µaˆ‖µaˆ‖
ν
Aˆν
λ
aˆ‖λ〉+H.c. 397 195 397
〈aˆ⊥
µaˆ⊥
ν〉〈Vµ
λ
Vˆνλ〉 12 12 i〈aˆ⊥
µaˆ‖
ν aˆ‖µAˆν
λ
aˆ‖λ〉+H.c. 398 398
〈aˆ⊥
µVµ
ν〉〈aˆ⊥
λ
Vˆνλ〉 13 13 i〈aˆ⊥
µaˆ‖
ν aˆ‖νAˆµ
λ
aˆ‖λ〉+H.c. 399 399
i〈V µν Vˆµ
λ
Vˆνλ〉 14 8 14 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Aˆµν aˆ‖λ〉+H.c. 400 196 400
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Pn n SU(2) SU(3) Pn n SU(2) SU(3)
i〈aˆ⊥
µaˆ⊥
νχˆ+Vµν〉+H.c. 15 9 15 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Aˆµλaˆ‖ν〉+H.c. 401 401
i〈aˆ⊥
µχˆ+aˆ⊥
νVµν〉 16 16 i〈aˆ⊥
µaˆ‖
ν aˆ‖
λ
Aˆνλaˆ‖µ〉+H.c. 402 402
i〈χˆ+〉〈aˆ⊥
µaˆ⊥
νVµν〉 17 17 i〈aˆ‖
µ
Hˆµ
ν
〉〈aˆ⊥
λaˆ‖λaˆ‖ν〉+H.c. 403 403
〈χˆ+V
µν
Vˆµν〉+H.c. 18 10 18 i〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖ν aˆ‖
λ
Hˆµλ〉+H.c. 404 404
〈χˆ+〉〈V
µν
Vˆµν〉 19 19 i〈aˆ⊥
µaˆ‖µ〉〈aˆ‖
ν aˆ‖
λ
Aˆνλ〉 405 405
〈χˆ−V
µν
Aˆµν〉+H.c. 20 11 20 i〈aˆ‖
µ
Aˆµ
ν
〉〈aˆ⊥
λaˆ‖λaˆ‖ν〉+H.c. 406 406
〈aˆ⊥
µDν χˆ−Vµν〉+H.c. 21 12 21 i〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖µaˆ‖
λ
Aˆνλ〉+H.c. 407 407
i〈V µνHˆµ
λ
Hˆνλ〉 22 13 22 i〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖ν aˆ‖
λ
Aˆµλ〉+H.c. 408 408
i〈V µνAˆµ
λ
Hˆνλ〉+H.c. 23 14 23 〈aˆ‖
µaˆ‖µaˆ‖
νDλVˆνλ〉+H.c. 409 197 409
i〈V µνAˆµ
λ
Aˆνλ〉 24 15 24 〈aˆ‖
µaˆ‖
ν aˆ‖µD
λ
Vˆνλ〉 410 198 410
i〈aˆ⊥
µDνVµ
λ
Hˆνλ〉+H.c. 25 16 25 〈aˆ‖
µaˆ‖
ν aˆ‖
λDµVˆνλ〉+H.c. 411 199 411
i〈aˆ⊥
µDνVν
λ
Hˆµλ〉+H.c. 26 17 26 〈aˆ‖
µaˆ‖µ〉〈aˆ‖
νDλVˆνλ〉 412 412
〈DµVµ
νDλVˆνλ〉 27 18 27 〈aˆ‖
µaˆ‖
ν〉〈aˆ‖
λDµVˆνλ〉 413 413
〈aˆ⊥
µaˆ⊥µV
νλVνλ〉 28 19 28 i〈aˆ‖
µaˆ‖µaˆ‖
νDν χˆ+〉+H.c. 414 414
〈aˆ⊥
µaˆ⊥
νVµ
λVνλ〉 29 20 29 〈aˆ‖
µaˆ‖µaˆ‖
νDλVνλ〉+H.c. 415 200 415
〈aˆ⊥
µaˆ⊥
νVν
λVµλ〉 30 21 30 〈aˆ‖
µaˆ‖
ν aˆ‖µD
λVνλ〉 416 201 416
〈aˆ⊥
µVµ
ν aˆ⊥
λVνλ〉+H.c. 31 22 31 〈aˆ‖
µaˆ‖
ν aˆ‖
λDµVνλ〉+H.c. 417 202 417
〈aˆ⊥
µV νλaˆ⊥µVνλ〉 32 23 32 〈aˆ‖
µaˆ‖µ〉〈aˆ‖
νDλVνλ〉 418 418
〈aˆ⊥
µaˆ⊥µ〉〈V
νλVνλ〉 33 33 〈aˆ‖
µaˆ‖
ν〉〈aˆ‖
λDµVνλ〉 419 419
〈aˆ⊥
µaˆ⊥
ν〉〈Vµ
λVνλ〉 34 34 〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖ν aˆ‖
λaˆ‖λ〉 420 203 420
〈aˆ⊥
µVµ
ν〉〈aˆ⊥
λVνλ〉 35 35 〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖
λaˆ‖ν aˆ‖λ〉 421 204 421
i〈V µνVµ
λ
Vˆνλ〉 36 24 36 〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖
λaˆ‖λaˆ‖ν〉 422 422
〈χˆ+V
µνVµν〉 37 25 37 〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖ν aˆ‖
λaˆ‖λ〉+H.c. 423 205 423
〈χˆ+〉〈V
µνVµν〉 38 38 〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖
λaˆ‖ν aˆ‖λ〉+H.c. 424 206 424
〈DµVµ
νDλVνλ〉 39 26 39 〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖
λaˆ‖λaˆ‖ν〉 425 425
〈DµV νλDµVνλ〉 40 27 40 〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖µaˆ‖
λaˆ‖λ〉+H.c. 426 207 426
i〈V µνVµ
λVνλ〉 41 28 41 〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖
λaˆ‖µaˆ‖λ〉+H.c. 427 208 427
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖νχˆ−〉+H.c. 42 29 42 〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖
λaˆ‖λaˆ‖µ〉 428 428
〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ‖νχˆ−〉+H.c. 43 30 43 〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖µaˆ‖ν aˆ‖λ〉 429 429
〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ‖µχˆ−〉+H.c. 44 44 〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖ν aˆ‖µaˆ‖λ〉 430 430
〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥νχˆ−〉+H.c. 45 45 〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖ν aˆ‖
λaˆ‖λ〉+H.c. 431 209 431
〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ⊥νχˆ−〉+H.c. 46 31 46 〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖
λaˆ‖ν aˆ‖λ〉+H.c. 432 210 432
〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ⊥µχˆ−〉+H.c. 47 47 〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖
λaˆ‖λaˆ‖ν〉+H.c. 433 433
〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ‖νχˆ−〉+H.c. 48 48 〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖ν aˆ‖
λaˆ‖λ〉+H.c. 434 211 434
〈χˆ−〉〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖ν〉+H.c. 49 49 〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖
λaˆ‖ν aˆ‖λ〉 435 212 435
i〈aˆ⊥
µaˆ‖
νχˆ−Vˆµν 〉+H.c. 50 32 50 〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖µaˆ‖ν aˆ‖λ〉 436 213 436
i〈aˆ⊥
µaˆ‖
ν
Vˆµν χˆ−〉+H.c. 51 33 51 〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖µaˆ‖λaˆ‖ν〉+H.c. 437 437
i〈aˆ⊥
µχˆ−aˆ‖
ν
Vˆµν 〉+H.c. 52 34 52 〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖ν aˆ‖λaˆ‖µ〉+H.c. 438 438
i〈aˆ⊥
µaˆ‖
ν〉〈χˆ−Vˆµν〉 53 53 〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖λaˆ‖ν aˆ‖µ〉 439 439
i〈χˆ−〉〈aˆ⊥
µaˆ‖
ν
Vˆµν〉+H.c. 54 54 〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥ν aˆ‖
λaˆ‖λ〉 440 440
i〈aˆ⊥
µχˆ−〉〈aˆ‖
ν
Vˆµν〉 55 55 〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥
λaˆ‖ν aˆ‖λ〉+H.c. 441 441
〈aˆ⊥
µaˆ‖µχˆ+χˆ−〉+H.c. 56 35 56 〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥
λaˆ‖λaˆ‖ν〉+H.c. 442 442
〈aˆ⊥
µaˆ‖µχˆ−χˆ+〉+H.c. 57 57 〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ⊥ν aˆ‖
λaˆ‖λ〉 443 443
〈aˆ⊥
µχˆ+aˆ‖µχˆ−〉+H.c. 58 36 58 〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ⊥
λaˆ‖ν aˆ‖λ〉+H.c. 444 444
〈χˆ−〉〈aˆ⊥
µaˆ‖µχˆ+〉+H.c. 59 59 〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ⊥µaˆ‖
λaˆ‖λ〉 445 445
〈χˆ+〉〈aˆ⊥
µaˆ‖µχˆ−〉+H.c. 60 60 〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ⊥µaˆ‖ν aˆ‖λ〉 446 446
i〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖
λ
Hˆνλ〉+H.c. 61 37 61 〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ⊥µaˆ‖λaˆ‖ν〉 447 447
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ‖
λ
Hˆνλ〉+H.c. 62 38 62 〈aˆ⊥
µaˆ⊥µ〉〈aˆ‖
ν aˆ‖ν aˆ‖
λaˆ‖λ〉 448 448
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ‖
λ
Hˆµλ〉+H.c. 63 63 〈aˆ⊥
µaˆ⊥µaˆ‖
ν〉〈aˆ‖ν aˆ‖
λaˆ‖λ〉 449 449
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖µHˆνλ〉+H.c. 64 39 64 〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥ν aˆ‖
λaˆ‖λ〉 450 450
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖νHˆµλ〉+H.c. 65 40 65 〈aˆ⊥
µaˆ⊥µ〉〈aˆ‖
ν aˆ‖
λaˆ‖ν aˆ‖λ〉 451 451
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖λHˆµν 〉+H.c. 66 66 〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖ν aˆ‖
λaˆ‖λ〉 452 452
i〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥
λ
Hˆνλ〉+H.c. 67 67 〈aˆ⊥
µaˆ⊥
ν aˆ‖µ〉〈aˆ‖ν aˆ‖
λaˆ‖λ〉+H.c. 453 453
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ⊥
λ
Hˆνλ〉+H.c. 68 41 68 〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥
λaˆ‖ν aˆ‖λ〉 454 454
i〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ⊥
λ
Hˆµλ〉+H.c. 69 69 〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖
λaˆ‖ν aˆ‖λ〉 455 455
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ⊥µHˆνλ〉+H.c. 70 42 70 〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥
λaˆ‖λaˆ‖ν〉 456 456
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Pn n SU(2) SU(3) Pn n SU(2) SU(3)
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ⊥νHˆµλ〉+H.c. 71 71 〈aˆ⊥
µaˆ⊥
ν aˆ‖
λ〉〈aˆ‖µaˆ‖ν aˆ‖λ〉 457 457
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ⊥λHˆµν 〉+H.c. 72 72 〈aˆ⊥
µaˆ‖µ〉〈aˆ⊥
ν aˆ‖ν aˆ‖
λaˆ‖λ〉+H.c. 458 458
i〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖
λ
Aˆνλ〉+H.c. 73 43 73 i〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖
λ
Vˆνλ〉+H.c. 459 214 459
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ‖
λ
Aˆνλ〉+H.c. 74 44 74 i〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖
λ
Vˆνλ〉+H.c. 460 215 460
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ‖
λ
Aˆµλ〉+H.c. 75 75 i〈aˆ‖
µaˆ‖
ν aˆ‖ν aˆ‖
λ
Vˆµλ〉 461 461
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖µAˆνλ〉+H.c. 76 45 76 i〈aˆ‖
µaˆ‖
ν aˆ‖
λaˆ‖µVˆνλ〉 462 462
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖νAˆµλ〉+H.c. 77 46 77 i〈aˆ‖
µaˆ‖µ〉〈aˆ‖
ν aˆ‖
λ
Vˆνλ〉 463 463
i〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖λAˆµν〉+H.c. 78 78 〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖νχˆ+〉 464 216 464
i〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥
λ
Aˆνλ〉+H.c. 79 79 〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖νχˆ+〉 465 217 465
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ⊥
λ
Aˆνλ〉+H.c. 80 80 〈aˆ‖
µaˆ‖
ν aˆ‖ν aˆ‖µχˆ+〉 466 466
i〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ‖
λ
Hˆνλ〉+H.c. 81 81 〈aˆ‖
µaˆ‖µ〉〈aˆ‖
ν aˆ‖νχˆ+〉 467 467
i〈aˆ⊥
µaˆ⊥
ν〉〈aˆ⊥
λaˆ‖µHˆνλ〉+H.c. 82 82 〈aˆ‖
µχˆ+〉〈aˆ‖µaˆ‖
ν aˆ‖ν〉 468 468
i〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ‖
λ
Aˆνλ〉+H.c. 83 83 〈χˆ+〉〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖ν〉 469 469
i〈aˆ⊥
µaˆ⊥
ν〉〈aˆ⊥
λaˆ‖µAˆνλ〉+H.c. 84 84 〈χˆ+〉〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖ν〉 470 470
i〈aˆ‖
µ
Aˆ
νλ〉〈aˆ⊥µaˆ⊥ν aˆ⊥λ〉 85 85 i〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖
λVνλ〉+H.c. 471 218 471
〈aˆ⊥
µaˆ‖
ν
Vˆµ
λ
Hˆνλ〉+H.c. 86 47 86 i〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖
λVνλ〉+H.c. 472 219 472
〈aˆ⊥
µaˆ‖
ν
Vˆν
λ
Hˆµλ〉+H.c. 87 48 87 i〈aˆ‖
µaˆ‖
ν aˆ‖ν aˆ‖
λVµλ〉 473 473
〈aˆ⊥
µaˆ‖
ν
Hˆµ
λ
Vˆνλ〉+H.c. 88 49 88 i〈aˆ‖
µaˆ‖
ν aˆ‖
λaˆ‖µVνλ〉 474 474
〈aˆ⊥
µaˆ‖
ν
Hˆν
λ
Vˆµλ〉+H.c. 89 50 89 i〈aˆ‖
µaˆ‖µ〉〈aˆ‖
ν aˆ‖
λVνλ〉 475 475
〈aˆ⊥
µ
Vˆµ
ν
aˆ‖
λ
Hˆνλ〉+H.c. 90 51 90 〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖ν aˆ‖
λaˆ‖λ〉 476 220 476
〈aˆ⊥
µ
Vˆ
νλaˆ‖νHˆµλ〉+H.c. 91 52 91 〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖
λaˆ‖ν aˆ‖λ〉 477 221 477
〈aˆ⊥
µaˆ‖µVˆ
νλ
Aˆνλ〉+H.c. 92 53 92 〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖
λaˆ‖λaˆ‖ν〉 478 478
〈aˆ⊥
µaˆ‖
ν
Vˆµ
λ
Aˆνλ〉+H.c. 93 54 93 〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖
λaˆ‖ν aˆ‖λ〉 479 222 479
〈aˆ⊥
µaˆ‖
ν
Vˆν
λ
Aˆµλ〉+H.c. 94 55 94 〈aˆ‖
µaˆ‖
ν aˆ‖
λaˆ‖µaˆ‖ν aˆ‖λ〉 480 480
〈aˆ⊥
µaˆ‖µAˆ
νλ
Vˆνλ〉+H.c. 95 56 95 〈aˆ‖
µaˆ‖µ〉〈aˆ‖
ν aˆ‖ν aˆ‖
λaˆ‖λ〉 481 481
〈aˆ⊥
µaˆ‖
ν
Aˆµ
λ
Vˆνλ〉+H.c. 96 57 96 〈aˆ‖
µaˆ‖µaˆ‖
ν〉〈aˆ‖νaˆ‖
λaˆ‖λ〉 482 482
〈aˆ⊥
µaˆ‖
ν
Aˆν
λ
Vˆµλ〉+H.c. 97 58 97 〈aˆ‖
µaˆ‖µ〉〈aˆ‖
ν aˆ‖
λaˆ‖ν aˆ‖λ〉 483 483
〈aˆ⊥
µ
Vˆµ
ν
aˆ‖
λ
Aˆνλ〉+H.c. 98 59 98 〈aˆ⊥
µaˆ‖µH
νλ
Hˆνλ〉+H.c. 484 223 484
〈aˆ⊥
µ
Vˆ
νλaˆ‖νAˆµλ〉+H.c. 99 60 99 〈aˆ⊥
µaˆ‖µ〉〈H
νλ
Hˆνλ〉 485 485
〈aˆ⊥
µaˆ⊥
ν aˆ‖µD
λ
Vˆνλ〉+H.c. 100 61 100 i〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖
λHνλ〉+H.c. 486 224 486
〈aˆ⊥
µaˆ‖µaˆ⊥
νDλVˆνλ〉+H.c. 101 62 101 i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖µHνλ〉+H.c. 487 487
〈aˆ⊥
µaˆ‖
ν〉〈Vˆµ
λ
Hˆνλ〉 102 102 i〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖
λHνλ〉+H.c. 488 225 488
〈aˆ⊥
µaˆ‖
ν〉〈Vˆν
λ
Hˆµλ〉 103 103 i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖µHνλ〉+H.c. 489 489
〈aˆ⊥
µ
Vˆµ
ν
〉〈aˆ‖
λ
Hˆνλ〉 104 104 i〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖
λHνλ〉+H.c. 490 490
〈aˆ⊥
µ
Vˆ
νλ〉〈aˆ‖νHˆµλ〉 105 105 〈aˆ‖
µaˆ‖
ν aˆ‖
λDµHνλ〉+H.c. 491 226 491
〈aˆ⊥
µaˆ‖µ〉〈Vˆ
νλ
Aˆνλ〉 106 106 i〈aˆ‖
µaˆ‖µaˆ‖
ν aˆ‖
λHνλ〉+H.c. 492 492
〈aˆ⊥
µaˆ‖
ν〉〈Vˆµ
λ
Aˆνλ〉 107 107 i〈aˆ‖
µaˆ‖
ν aˆ‖µaˆ‖
λHνλ〉+H.c. 493 227 493
〈aˆ⊥
µaˆ‖
ν〉〈Vˆν
λ
Aˆµλ〉 108 108 〈aˆ‖
µaˆ‖µH
νλHνλ〉 494 228 494
〈aˆ⊥
µ
Vˆµ
ν
〉〈aˆ‖
λ
Aˆνλ〉 109 109 〈aˆ‖
µaˆ‖µ〉〈H
νλHνλ〉 495 495
〈aˆ⊥
µ
Vˆ
νλ〉〈aˆ‖µAˆνλ〉 110 110 ε
µνλρ〈aˆ⊥µaˆ⊥ν χˆ−Vλρ〉+H.c. 496 229 496
〈aˆ⊥
µ
Vˆ
νλ〉〈aˆ‖νAˆµλ〉 111 111 ε
µνλρ〈aˆ⊥µχˆ−aˆ⊥νVλρ〉 497 230 497
〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µD
λ
Vˆνλ〉 112 112 ε
µνλρ〈χˆ−〉〈aˆ⊥µaˆ⊥νVλρ〉 498 498
i〈aˆ‖
µ
Vˆµ
ν
DλVˆνλ〉+H.c. 113 63 113 iε
µνλρ〈χˆ−Vµν Vˆλρ〉+H.c. 499 231 499
i〈aˆ⊥
µaˆ‖
νχˆ+Hˆµν〉+H.c. 114 64 114 iε
µνλρ〈χˆ−〉〈Vµν Vˆλρ〉 500 232 500
i〈aˆ⊥
µaˆ‖
ν
Hˆµν χˆ+〉+H.c. 115 115 iε
µνλρ〈Vˆµν〉〈χˆ−Vλρ〉 501 233
i〈aˆ⊥
µχˆ+aˆ‖
ν
Hˆµν〉+H.c. 116 116 iε
µνλρ〈aˆ⊥µaˆ⊥νVλ
σ
Hˆρσ〉+H.c. 502 234 501
i〈aˆ⊥
µaˆ‖
νχˆ+Aˆµν〉+H.c. 117 65 117 iε
µνλρ〈aˆ⊥µaˆ⊥
σVνλHˆρσ〉+H.c. 503 502
i〈aˆ⊥
µaˆ‖
ν
Aˆµν χˆ+〉+H.c. 118 118 iε
µνλρ〈aˆ⊥µVνλaˆ⊥
σ
Hˆρσ〉+H.c. 504 503
i〈aˆ⊥
µχˆ+aˆ‖
ν
Aˆµν〉+H.c. 119 119 iε
µνλρ〈aˆ⊥µaˆ⊥νVλ
σ
Aˆρσ〉+H.c. 505 235 504
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µDνχˆ+〉+H.c. 120 120 iε
µνλρ〈aˆ⊥µaˆ⊥
σVνλAˆρσ〉+H.c. 506 505
i〈χˆ+〉〈aˆ⊥
µaˆ‖
ν
Hˆµν〉+H.c. 121 121 iε
µνλρ〈aˆ⊥µaˆ⊥
σVνσAˆλρ〉+H.c. 507 506
i〈χˆ+〉〈aˆ⊥
µaˆ‖
ν
Aˆµν〉+H.c. 122 122 iε
µνλρ〈aˆ⊥µVνλaˆ⊥
σ
Aˆρσ〉+H.c. 508 507
〈aˆ‖
µDν χˆ+Vˆµν 〉+H.c. 123 66 123 ε
µνλρ〈Vµν Vˆλ
σ
Hˆρσ〉+H.c. 509 236 508
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Pn n SU(2) SU(3) Pn n SU(2) SU(3)
〈Dµχˆ+〉〈aˆ‖
ν
Vˆµν〉 124 124 ε
µνλρ〈Vµν Vˆλ
σ
Aˆρσ〉+H.c. 510 237 509
i〈aˆ‖
µχˆ+Dµχˆ+〉+H.c. 125 67 125 ε
µνλρ〈aˆ⊥µDνVλ
σ
Vˆρσ〉+H.c. 511 238 510
i〈aˆ‖
µχˆ−Dµχˆ−〉+H.c. 126 68 126 ε
µνλρ〈aˆ⊥µD
σVνλVˆρσ〉+H.c. 512 239 511
〈aˆ‖
µDν χˆ−Hˆµν〉+H.c. 127 69 127 ε
µνλρ〈Vˆµ
σ
〉〈VνλHˆρσ〉 513 240
〈aˆ‖
µDν χˆ−Aˆµν〉+H.c. 128 70 128 ε
µνλρ〈Vˆµ
σ
〉〈VνλAˆρσ〉 514 241
i〈aˆ‖
µ
Hˆµ
ν
DλHˆνλ〉+H.c. 129 71 129 ε
µνλρ〈Vˆµ
σ
〉〈aˆ⊥νDλVρσ〉 515 242
i〈aˆ‖
µ
Aˆµ
ν
DλHˆνλ〉+H.c. 130 72 130 iε
µνλρ〈χˆ+VµνAˆλρ〉+H.c. 516 243 512
i〈aˆ⊥
µaˆ‖
νDνD
λ
Hˆµλ〉+H.c. 131 131 iε
µνλρ〈aˆ⊥µDν χˆ+Vλρ〉+H.c. 517 244 513
i〈aˆ⊥
µaˆ‖
νDνD
λ
Aˆµλ〉+H.c. 132 132 iε
µνλρ〈χˆ−VµνVλρ〉 518 245 514
i〈aˆ⊥
µaˆ‖
νχˆ−Vµν〉+H.c. 133 73 133 iε
µνλρ〈χˆ−〉〈VµνVλρ〉 519 246 515
i〈aˆ⊥
µaˆ‖
νVµν χˆ−〉+H.c. 134 74 134 ε
µνλρ〈aˆ⊥µVνλD
σVρσ〉+H.c. 520 247 516
i〈aˆ⊥
µχˆ−aˆ‖
νVµν〉+H.c. 135 75 135 ε
µνλρ〈aˆ⊥µVν
σDλVρσ〉+H.c. 521 248 517
i〈aˆ⊥
µaˆ‖
ν〉〈χˆ−Vµν〉 136 136 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ⊥ρaˆ⊥
σaˆ‖σ〉+H.c. 522 518
i〈χˆ−〉〈aˆ⊥
µaˆ‖
νVµν〉+H.c. 137 137 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ⊥
σ aˆ⊥ρaˆ‖σ〉+H.c. 523 519
i〈aˆ⊥
µχˆ−〉〈aˆ‖
νVµν〉 138 138 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ⊥
σ aˆ⊥σaˆ‖ρ〉+H.c. 524 249 520
〈aˆ⊥
µaˆ‖
νVµ
λ
Hˆνλ〉+H.c. 139 76 139 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σaˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 525 521
〈aˆ⊥
µaˆ‖
νVν
λ
Hˆµλ〉+H.c. 140 77 140 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σaˆ⊥σ aˆ⊥λaˆ‖ρ〉+H.c. 526 522
〈aˆ⊥
µaˆ‖
ν
Hˆµ
λ
Vνλ〉+H.c. 141 78 141 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ⊥ν aˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 527 523
〈aˆ⊥
µaˆ‖
ν
Hˆν
λ
Vµλ〉+H.c. 142 79 142 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λ〉〈aˆ⊥ρaˆ⊥
σaˆ‖σ〉+H.c. 528 524
〈aˆ⊥
µVµ
ν aˆ‖
λ
Hˆνλ〉+H.c. 143 80 143 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λ〉〈aˆ⊥
σ aˆ⊥σaˆ‖ρ〉 529 525
〈aˆ⊥
µV νλaˆ‖νHˆµλ〉+H.c. 144 81 144 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖
σ
Vˆρσ〉+H.c. 530 526
〈aˆ⊥
µaˆ‖µV
νλ
Aˆνλ〉+H.c. 145 82 145 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σ aˆ‖λVˆρσ〉+H.c. 531 250 527
〈aˆ⊥
µaˆ‖
νVµ
λ
Aˆνλ〉+H.c. 146 83 146 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σ aˆ‖σVˆλρ〉+H.c. 532 251 528
〈aˆ⊥
µaˆ‖
νVν
λ
Aˆµλ〉+H.c. 147 84 147 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ⊥ν aˆ‖λVˆρσ〉+H.c. 533 529
〈aˆ⊥
µaˆ‖µAˆ
νλVνλ〉+H.c. 148 85 148 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ⊥σaˆ‖ν Vˆλρ〉+H.c. 534 252 530
〈aˆ⊥
µaˆ‖
ν
Aˆµ
λ
Vνλ〉+H.c. 149 86 149 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥
σ
Vˆρσ〉+H.c. 535 253 531
〈aˆ⊥
µaˆ‖
ν
Aˆν
λ
Vµλ〉+H.c. 150 87 150 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ⊥λVˆρσ〉+H.c. 536 532
〈aˆ⊥
µVµ
ν aˆ‖
λ
Aˆνλ〉+H.c. 151 88 151 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ⊥σVˆλρ〉+H.c. 537 254 533
〈aˆ⊥
µV νλaˆ‖µAˆνλ〉+H.c. 152 89 152 ε
µνλρ〈Vˆµν 〉〈aˆ⊥λaˆ⊥
σaˆ⊥σ aˆ‖ρ〉+H.c. 538 255
〈aˆ⊥
µV νλaˆ‖νAˆµλ〉+H.c. 153 90 153 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ⊥λVˆρσ〉+H.c. 539 534
〈aˆ⊥
µaˆ⊥
ν aˆ‖µD
λVνλ〉+H.c. 154 91 154 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ⊥σVˆλρ〉+H.c. 540 535
〈aˆ⊥
µaˆ⊥
ν aˆ‖νD
λVµλ〉+H.c. 155 92 155 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖σaˆ⊥ν Vˆλρ〉+H.c. 541 536
〈aˆ⊥
µaˆ‖µaˆ⊥
νDλVνλ〉+H.c. 156 93 156 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥ν aˆ‖λVˆρσ〉+H.c. 542 537
〈aˆ⊥
µaˆ‖
ν〉〈Vµ
λ
Hˆνλ〉 157 157 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥ν aˆ‖σVˆλρ〉+H.c. 543 538
〈aˆ⊥
µaˆ‖
ν〉〈Vν
λ
Hˆµλ〉 158 158 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥σaˆ‖ν Vˆλρ〉+H.c. 544 539
〈aˆ⊥
µVµ
ν〉〈aˆ‖
λ
Hˆνλ〉 159 159 ε
µνλρ〈aˆ⊥
σ
Vˆµν〉〈aˆ⊥λaˆ⊥σ aˆ‖ρ〉+H.c. 545 540
〈aˆ⊥
µV νλ〉〈aˆ‖νHˆµλ〉 160 160 iε
µνλρ〈aˆ⊥µaˆ‖ν Vˆλ
σ
Vˆρσ〉+H.c. 546 256 541
〈aˆ⊥
µaˆ‖µ〉〈V
νλ
Aˆνλ〉 161 161 iε
µνλρ〈aˆ⊥µaˆ‖
σ
VˆνλVˆρσ〉+H.c. 547 257 542
〈aˆ⊥
µaˆ‖
ν〉〈Vµ
λ
Aˆνλ〉 162 162 iε
µνλρ〈aˆ⊥µaˆ‖
σ
VˆνσVˆλρ〉+H.c. 548 258 543
〈aˆ⊥
µaˆ‖
ν〉〈Vν
λ
Aˆµλ〉 163 163 iε
µνλρ〈aˆ⊥µVˆνλaˆ‖
σ
Vˆρσ〉+H.c. 549 259 544
〈aˆ⊥
µVµ
ν〉〈aˆ‖
λ
Aˆνλ〉 164 164 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖ρχˆ+〉+H.c. 550 260 545
〈aˆ⊥
µV νλ〉〈aˆ‖µAˆνλ〉 165 165 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥ρχˆ+〉+H.c. 551 261 546
〈aˆ⊥
µV νλ〉〈aˆ‖νAˆµλ〉 166 166 iε
µνλρ〈aˆ‖µχˆ+〉〈aˆ⊥ν aˆ⊥λaˆ⊥ρ〉 552 547
〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µD
λVνλ〉 167 167 iε
µνλρ〈χˆ+〉〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖ρ〉 553 548
〈aˆ⊥
µaˆ‖µ〉〈aˆ⊥
νDλVνλ〉 168 168 iε
µνλρ〈aˆ⊥µχˆ+〉〈aˆ⊥ν aˆ⊥λaˆ‖ρ〉 554 549
i〈aˆ‖
µDµV
νλ
Vˆνλ〉+H.c. 169 94 169 ε
µνλρ〈aˆ⊥µaˆ‖νχˆ+Vˆλρ〉+H.c. 555 262 550
i〈aˆ‖
µDνVν
λ
Vˆµλ〉+H.c. 170 95 170 ε
µνλρ〈aˆ⊥µaˆ‖ν Vˆλρχˆ+〉+H.c. 556 263 551
〈aˆ‖
µDν χˆ+Vµν〉+H.c. 171 96 171 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈χˆ+Vˆλρ〉 557 264 552
〈Dµχˆ+〉〈aˆ‖
νVµν〉 172 172 ε
µνλρ〈Vˆµν 〉〈aˆ⊥λaˆ‖ρχˆ+〉+H.c. 558 265
i〈aˆ‖
µVµ
νDλVνλ〉+H.c. 173 97 173 ε
µνλρ〈χˆ+〉〈aˆ⊥µaˆ‖ν Vˆλρ〉+H.c. 559 266 553
i〈aˆ‖
µV νλDµVνλ〉+H.c. 174 98 174 ε
µνλρ〈aˆ⊥µχˆ+〉〈aˆ‖ν Vˆλρ〉 560 554
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ⊥ν aˆ‖
λaˆ‖λ〉 175 99 175 ε
µνλρ〈aˆ⊥µaˆ‖νχˆ−Aˆλρ〉+H.c. 561 267 555
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ⊥
λaˆ‖ν aˆ‖λ〉+H.c. 176 100 176 ε
µνλρ〈aˆ⊥µaˆ‖νAˆλρχˆ−〉+H.c. 562 268 556
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ⊥
λaˆ‖λaˆ‖ν〉+H.c. 177 101 177 iε
µνλρ〈aˆ‖µ〉〈Dνχˆ−Vˆλρ〉 563 269
〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ⊥ν aˆ‖
λaˆ‖λ〉 178 102 178 ε
µνλρ〈aˆ⊥µχˆ−aˆ‖νAˆλρ〉+H.c. 564 557
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〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ⊥
λaˆ‖ν aˆ‖λ〉+H.c. 179 103 179 ε
µνλρ〈χˆ−〉〈aˆ⊥µaˆ‖νAˆλρ〉+H.c. 565 558
〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ⊥
λaˆ‖λaˆ‖ν〉+H.c. 180 104 180 iε
µνλρ〈aˆ⊥µaˆ‖νHˆλ
σ
Hˆρσ〉+H.c. 566 270 559
〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ⊥µaˆ‖
λaˆ‖λ〉 181 181 iε
µνλρ〈aˆ⊥µHˆν
σ
aˆ‖λHˆρσ〉 567 560
〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ⊥
λaˆ‖µaˆ‖λ〉 182 182 iε
µνλρ〈aˆ⊥µaˆ‖νAˆλ
σ
Hˆρσ〉+H.c. 568 271 561
〈aˆ⊥
µaˆ⊥
ν aˆ⊥ν aˆ⊥
λaˆ‖λaˆ‖µ〉 183 183 iε
µνλρ〈aˆ⊥µaˆ‖
σ
AˆνλHˆρσ〉+H.c. 569 272 562
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ⊥µaˆ‖ν aˆ‖λ〉 184 184 iε
µνλρ〈aˆ⊥µaˆ‖νHˆλ
σ
Aˆρσ〉+H.c. 570 563
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ⊥µaˆ‖λaˆ‖ν〉 185 185 iε
µνλρ〈aˆ⊥µaˆ‖
σ
HˆνσAˆλρ〉+H.c. 571 564
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖ν aˆ⊥
λaˆ‖λ〉+H.c. 186 105 186 iε
µνλρ〈aˆ⊥µAˆνλaˆ‖
σ
Hˆρσ〉+H.c. 572 565
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖
λaˆ⊥ν aˆ‖λ〉+H.c. 187 106 187 iε
µνλρ〈aˆ⊥µAˆν
σ
aˆ‖λHˆρσ〉+H.c. 573 566
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν aˆ‖
λaˆ⊥λaˆ‖ν〉+H.c. 188 188 iε
µνλρ〈aˆ⊥µaˆ‖νAˆλ
σ
Aˆρσ〉+H.c. 574 273 567
〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ‖ν aˆ⊥
λaˆ‖λ〉+H.c. 189 107 189 iε
µνλρ〈aˆ⊥µaˆ‖
σ
AˆνσAˆλρ〉+H.c. 575 568
〈aˆ⊥
µaˆ⊥
ν aˆ⊥µaˆ‖
λaˆ⊥ν aˆ‖λ〉 190 108 190 ε
µνλρ〈aˆ‖µDν Vˆλ
σ
Hˆρσ〉+H.c. 576 274 569
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖µaˆ⊥ν aˆ‖λ〉 191 109 191 ε
µνλρ〈aˆ‖µD
σ
VˆνσAˆλρ〉+H.c. 577 275 570
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖µaˆ⊥λaˆ‖ν〉+H.c. 192 192 ε
µνλρ〈aˆ‖µ〉〈Dν Vˆλ
σ
Hˆρσ〉 578 276
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖ν aˆ⊥λaˆ‖µ〉+H.c. 193 193 ε
µνλρ〈aˆ‖µ〉〈D
σ
VˆνσAˆλρ〉 579 277
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λaˆ‖λaˆ⊥ν aˆ‖µ〉 194 194 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖
σVρσ〉+H.c. 580 571
〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥ν aˆ⊥
λaˆ‖λ〉 195 195 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σ aˆ‖λVρσ〉+H.c. 581 278 572
〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥
λaˆ⊥ν aˆ‖λ〉 196 196 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σ aˆ‖σVλρ〉+H.c. 582 279 573
〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ⊥
λaˆ⊥λaˆ‖ν〉 197 197 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ⊥ν aˆ‖λVρσ〉+H.c. 583 574
〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ⊥ν aˆ⊥
λaˆ‖λ〉+H.c. 198 198 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ⊥ν aˆ‖σVλρ〉+H.c. 584 575
〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ⊥
λaˆ⊥ν aˆ‖λ〉+H.c. 199 199 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ⊥σaˆ‖νVλρ〉+H.c. 585 280 576
〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ⊥µaˆ⊥
λaˆ‖λ〉+H.c. 200 200 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥
σVρσ〉+H.c. 586 281 577
〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ⊥µaˆ⊥ν aˆ‖λ〉 201 201 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ⊥λVρσ〉+H.c. 587 578
〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ⊥ν aˆ⊥µaˆ‖λ〉 202 202 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ⊥σVλρ〉+H.c. 588 282 579
〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ⊥ν aˆ‖
λaˆ‖λ〉 203 203 ε
µνλρ〈aˆ‖µ〉〈aˆ⊥ν aˆ⊥
σ aˆ⊥σVλρ〉+H.c. 589 283
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν〉〈aˆ⊥ν aˆ‖
λaˆ‖λ〉 204 204 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ⊥λVρσ〉+H.c. 590 580
〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥ν aˆ⊥
λaˆ⊥λ〉 205 205 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ⊥σVλρ〉+H.c. 591 581
〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ⊥
λaˆ‖ν aˆ‖λ〉 206 206 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖σaˆ⊥νVλρ〉+H.c. 592 582
〈aˆ⊥
µaˆ⊥µaˆ⊥
ν〉〈aˆ⊥
λaˆ‖ν aˆ‖λ〉+H.c. 207 207 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥ν aˆ‖λVρσ〉+H.c. 593 583
〈aˆ‖
µaˆ‖
ν〉〈aˆ⊥µaˆ⊥ν aˆ⊥
λaˆ⊥λ〉 208 208 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥ν aˆ‖σVλρ〉+H.c. 594 584
〈aˆ⊥
µaˆ⊥µ〉〈aˆ⊥
ν aˆ⊥
λaˆ‖λaˆ‖ν〉 209 209 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥σaˆ‖νVλρ〉+H.c. 595 585
〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥
λaˆ⊥ν aˆ⊥λ〉 210 210 ε
µνλρ〈aˆ⊥
σVµν〉〈aˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 596 586
〈aˆ‖
µaˆ‖
ν〉〈aˆ⊥µaˆ⊥
λaˆ⊥ν aˆ⊥λ〉 211 211 iε
µνλρ〈aˆ⊥µaˆ‖νVλ
σ
Vˆρσ〉+H.c. 597 284 587
〈aˆ⊥
µaˆ⊥
ν aˆ⊥
λ〉〈aˆ⊥µaˆ‖ν aˆ‖λ〉 212 212 iε
µνλρ〈aˆ⊥µaˆ‖
σVνλVˆρσ〉+H.c. 598 285 588
〈aˆ⊥
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥ν aˆ⊥
λaˆ‖λ〉+H.c. 213 213 iε
µνλρ〈aˆ⊥µaˆ‖
σVνσVˆλρ〉+H.c. 599 286 589
i〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖
λ
Vˆνλ〉+H.c. 214 110 214 iε
µνλρ〈aˆ⊥µaˆ‖ν Vˆλ
σ
Vρσ〉+H.c. 600 287 590
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖
λ
Vˆνλ〉+H.c. 215 111 215 iε
µνλρ〈aˆ⊥µaˆ‖
σ
VˆνλVρσ〉+H.c. 601 288 591
i〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖
λ
Vˆµλ〉+H.c. 216 112 216 iε
µνλρ〈aˆ⊥µaˆ‖
σ
VˆνσVλρ〉+H.c. 602 289 592
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖µVˆνλ〉+H.c. 217 113 217 iε
µνλρ〈aˆ⊥µVνλaˆ‖
σ
Vˆρσ〉+H.c. 603 290 593
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖ν Vˆµλ〉+H.c. 218 218 iε
µνλρ〈aˆ⊥µVν
σ aˆ‖λVˆρσ〉+H.c. 604 291 594
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖λVˆµν 〉+H.c. 219 114 219 ε
µνλρ〈aˆ⊥µaˆ‖νχˆ+Vλρ〉+H.c. 605 292 595
i〈aˆ⊥
µaˆ⊥µaˆ‖
ν
Vˆν
λ
aˆ‖λ〉 220 220 ε
µνλρ〈aˆ⊥µaˆ‖νVλρχˆ+〉+H.c. 606 293 596
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µVˆν
λ
aˆ‖λ〉+H.c. 221 115 221 ε
µνλρ〈aˆ⊥µχˆ+aˆ‖νVλρ〉+H.c. 607 294 597
i〈aˆ⊥
µaˆ⊥
ν aˆ‖ν Vˆµ
λ
aˆ‖λ〉+H.c. 222 222 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈χˆ+Vλρ〉 608 295 598
i〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖
λ
Vˆνλ〉+H.c. 223 116 223 ε
µνλρ〈χˆ+〉〈aˆ⊥µaˆ‖νVλρ〉+H.c. 609 296 599
i〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖
λ
Vˆνλ〉+H.c. 224 117 224 ε
µνλρ〈aˆ⊥µVνλ〉〈aˆ‖ρχˆ+〉 610 297
i〈aˆ⊥
µaˆ‖
ν aˆ⊥ν aˆ‖
λ
Vˆµλ〉+H.c. 225 225 ε
µνλρ〈aˆ⊥µχˆ+〉〈aˆ‖νVλρ〉 611 600
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖µVˆνλ〉+H.c. 226 118 226 iε
µνλρ〈aˆ‖µDνχˆ−Vλρ〉+H.c. 612 298 601
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖ν Vˆµλ〉+H.c. 227 227 iε
µνλρ〈aˆ‖µ〉〈Dνχˆ−Vλρ〉 613 299
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖λVˆµν 〉+H.c. 228 228 iε
µνλρ〈Dµχˆ−〉〈aˆ‖νVλρ〉 614 300 602
i〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥
λ
Vˆνλ〉+H.c. 229 229 ε
µνλρ〈aˆ‖µDνVλ
σ
Hˆρσ〉+H.c. 615 301 603
i〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ⊥
λ
Vˆνλ〉+H.c. 230 230 ε
µνλρ〈aˆ‖µD
σVνλHˆρσ〉+H.c. 616 302 604
i〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ⊥
λ
Vˆµλ〉 231 231 ε
µνλρ〈aˆ‖µD
σVνλAˆρσ〉+H.c. 617 303 605
i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ⊥µVˆνλ〉 232 232 ε
µνλρ〈aˆ‖µD
σVνσAˆλρ〉+H.c. 618 304 606
i〈aˆ⊥
µaˆ⊥µ〉〈aˆ‖
ν aˆ‖
λ
Vˆνλ〉 233 233 ε
µνλρ〈aˆ‖µ〉〈DνVλ
σ
Hˆρσ〉 619 305
i〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖
λ
Vˆνλ〉+H.c. 234 234 ε
µνλρ〈aˆ‖µ〉〈DνVλ
σ
Aˆρσ〉 620 306
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i〈aˆ‖
µ
Vˆµ
ν
〉〈aˆ⊥
λaˆ⊥ν aˆ‖λ〉+H.c. 235 235 ε
µνλρ〈aˆ‖µ〉〈D
σVνσAˆλρ〉 621 307
i〈aˆ‖
µ
Vˆ
νλ〉〈aˆ⊥µaˆ⊥ν aˆ‖λ〉+H.c. 236 236 ε
µνλρ〈aˆ‖µ〉〈VνλD
σ
Hˆρσ〉 622 308
i〈aˆ‖
µ
Vˆ
νλ〉〈aˆ⊥ν aˆ⊥λaˆ‖µ〉 237 237 iε
µνλρ〈aˆ⊥µaˆ‖νVλ
σVρσ〉+H.c. 623 309 607
〈aˆ‖
µaˆ‖µVˆ
νλ
Vˆνλ〉 238 119 238 iε
µνλρ〈aˆ⊥µaˆ‖
σVνλVρσ〉+H.c. 624 310 608
〈aˆ‖
µaˆ‖
ν
Vˆµ
λ
Vˆνλ〉 239 120 239 iε
µνλρ〈aˆ⊥µaˆ‖
σVνσVλρ〉+H.c. 625 311 609
〈aˆ‖
µaˆ‖
ν
Vˆν
λ
Vˆµλ〉 240 121 240 iε
µνλρ〈aˆ⊥µVνλaˆ‖
σVρσ〉+H.c. 626 312 610
〈aˆ‖
µ
Vˆµ
ν
aˆ‖
λ
Vˆνλ〉+H.c. 241 122 241 iε
µνλρ〈aˆ⊥µVν
σ aˆ‖λVρσ〉 627 313 611
〈aˆ‖
µaˆ‖µ〉〈Vˆ
νλ
Vˆνλ〉 242 242 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ‖ρχˆ−〉+H.c. 628 314 612
〈aˆ‖
µaˆ‖
ν〉〈Vˆµ
λ
Vˆνλ〉 243 243 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λχˆ−aˆ‖ρ〉 629 315 613
〈aˆ‖
µ
Vˆµ
ν
〉〈aˆ‖
λ
Vˆνλ〉 244 244 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥λaˆ‖ρχˆ−〉+H.c. 630 614
〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖νχˆ+〉+H.c. 245 123 245 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ⊥ρχˆ−〉 631 615
〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖νχˆ+〉+H.c. 246 124 246 iε
µνλρ〈χˆ−〉〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ‖ρ〉 632 616
〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖µχˆ+〉+H.c. 247 125 247 iε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ⊥λaˆ‖ρχˆ−〉+H.c. 633 617
〈aˆ⊥
µaˆ⊥µaˆ‖
νχˆ+aˆ‖ν〉 248 248 ε
µνλρ〈aˆ‖µaˆ‖νχˆ−Vˆλρ〉+H.c. 634 316 618
〈aˆ⊥
µaˆ⊥
ν aˆ‖µχˆ+aˆ‖ν〉 249 249 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ‖
σ
Hˆρσ〉+H.c. 635 317 619
〈aˆ⊥
µaˆ⊥
ν aˆ‖νχˆ+aˆ‖µ〉 250 250 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ‖λHˆρσ〉+H.c. 636 620
〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖νχˆ+〉+H.c. 251 126 251 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ‖λHˆρσ〉+H.c. 637 621
〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖νχˆ+〉+H.c. 252 127 252 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λHˆρ
σ
aˆ‖σ〉+H.c. 638 318 622
〈aˆ⊥
µaˆ‖
ν aˆ⊥ν aˆ‖µχˆ+〉+H.c. 253 253 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥λaˆ‖
σ
Hˆρσ〉+H.c. 639 623
〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥νχˆ+〉 254 254 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥
σ aˆ‖λHˆρσ〉+H.c. 640 319 624
〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ⊥νχˆ+〉 255 255 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ⊥ν aˆ‖λHˆρσ〉+H.c. 641 625
〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ⊥µχˆ+〉 256 256 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ⊥
σ
Hˆρσ〉+H.c. 642 626
〈aˆ⊥
µaˆ⊥µ〉〈aˆ‖
ν aˆ‖νχˆ+〉 257 257 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ‖
σ
Aˆρσ〉+H.c. 643 320 627
〈aˆ‖
µχˆ+〉〈aˆ⊥
ν aˆ⊥ν aˆ‖µ〉 258 258 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ‖λAˆρσ〉+H.c. 644 628
〈χˆ+〉〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖ν〉 259 259 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σ aˆ‖σAˆλρ〉+H.c. 645 321 629
〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖νχˆ+〉 260 260 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ‖λAˆρσ〉+H.c. 646 630
〈aˆ‖
µχˆ+〉〈aˆ⊥
ν aˆ⊥µaˆ‖ν〉+H.c. 261 261 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖ν aˆ‖σAˆλρ〉+H.c. 647 322 631
〈χˆ+〉〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖ν〉 262 262 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖σaˆ‖νAˆλρ〉+H.c. 648 632
〈χˆ+〉〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖µ〉 263 263 ε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λAˆρ
σ
aˆ‖σ〉+H.c. 649 323 633
〈aˆ‖
µaˆ‖µ〉〈aˆ⊥
ν aˆ⊥νχˆ+〉 264 264 ε
µνλρ〈aˆ⊥µaˆ⊥
σ aˆ‖νAˆλρaˆ‖σ〉+H.c. 650 634
〈aˆ‖
µaˆ‖
ν〉〈aˆ⊥µaˆ⊥νχˆ+〉 265 265 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥λaˆ‖
σ
Aˆρσ〉+H.c. 651 635
〈aˆ⊥
µaˆ‖µ〉〈aˆ⊥
ν aˆ‖νχˆ+〉+H.c. 266 266 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥
σ aˆ‖λAˆρσ〉+H.c. 652 324 636
〈χˆ+〉〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖ν〉+H.c. 267 267 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥
σ aˆ‖σAˆλρ〉+H.c. 653 325 637
〈χˆ+〉〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖ν〉 268 268 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ⊥ν aˆ‖λAˆρσ〉+H.c. 654 638
i〈aˆ‖
µaˆ‖
νχˆ+Vˆµν〉+H.c. 269 128 269 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ⊥ν aˆ‖σAˆλρ〉+H.c. 655 639
i〈aˆ‖
µχˆ+aˆ‖
ν
Vˆµν〉 270 270 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ⊥σAˆλρ〉+H.c. 656 640
i〈χˆ+〉〈aˆ‖
µaˆ‖
ν
Vˆµν〉 271 271 ε
µνλρ〈aˆ‖µHˆν
σ
〉〈aˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 657 326 641
〈aˆ‖
µaˆ‖µχˆ
2
+〉 272 129 272 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ⊥λaˆ‖
σ
Hˆρσ〉+H.c. 658 642
〈aˆ‖
µχˆ+aˆ‖µχˆ+〉 273 130 273 ε
µνλρ〈aˆ‖µAˆν
σ
〉〈aˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 659 327 643
〈aˆ‖
µaˆ‖µ〉〈χˆ
2
+〉 274 274 ε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ‖ν aˆ‖σAˆλρ〉+H.c. 660 644
〈χˆ+〉〈aˆ‖
µaˆ‖µχˆ+〉 275 131 275 ε
µνλρ〈aˆ‖
σ
Aˆµν〉〈aˆ⊥λaˆ⊥σaˆ‖ρ〉+H.c. 661 645
〈aˆ‖
µχˆ+〉〈aˆ‖µχˆ+〉 276 276 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ⊥λaˆ‖
σ
Aˆρσ〉+H.c. 662 646
〈aˆ‖
µaˆ‖µχˆ
2
−〉 277 132 277 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ⊥
σ aˆ‖σAˆλρ〉+H.c. 663 647
〈aˆ‖
µχˆ−aˆ‖µχˆ−〉 278 133 278 iε
µνλρ〈aˆ‖µaˆ‖ν Vˆλ
σ
Hˆρσ〉+H.c. 664 328 648
〈aˆ‖
µaˆ‖µ〉〈χˆ
2
−〉 279 279 iε
µνλρ〈aˆ‖µaˆ‖
σ
VˆνλHˆρσ〉+H.c. 665 329 649
〈χˆ−〉〈aˆ‖
µaˆ‖µχˆ−〉 280 134 280 iε
µνλρ〈aˆ‖µaˆ‖ν Vˆλ
σ
Aˆρσ〉+H.c. 666 330 650
〈aˆ‖
µχˆ−〉〈aˆ‖µχˆ−〉 281 281 iε
µνλρ〈aˆ‖µaˆ‖
σ
VˆνλAˆρσ〉+H.c. 667 331 651
i〈aˆ‖
µaˆ‖
νχˆ−Hˆµν〉+H.c. 282 135 282 iε
µνλρ〈aˆ‖µaˆ‖
σ
VˆνσAˆλρ〉+H.c. 668 332 652
i〈aˆ‖
µχˆ−aˆ‖
ν
Hˆµν〉 283 136 283 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λD
σ
Vˆρσ〉+H.c. 669 333 653
i〈aˆ‖
µaˆ‖
νχˆ−Aˆµν〉+H.c. 284 137 284 iε
µνλρ〈aˆ⊥µaˆ‖νDλVˆρ
σ
aˆ‖σ〉+H.c. 670 334 654
i〈aˆ⊥
µaˆ‖µaˆ‖
νDν χˆ−〉+H.c. 285 138 285 ε
µνλρ〈aˆ‖µaˆ‖νχˆ+Aˆλρ〉+H.c. 671 335 655
i〈aˆ⊥
µaˆ‖
ν aˆ‖µDν χˆ−〉+H.c. 286 139 286 ε
µνλρ〈aˆ‖µ〉〈aˆ‖νχˆ+Aˆλρ〉+H.c. 672 336
i〈aˆ⊥
µaˆ‖µD
ν χˆ−aˆ‖ν〉+H.c. 287 140 287 ε
µνλρ〈aˆ‖µχˆ+〉〈aˆ‖νAˆλρ〉 673 656
i〈aˆ‖
µaˆ‖
ν〉〈χˆ−Hˆµν〉 288 288 ε
µνλρ〈aˆ‖µaˆ‖νχˆ−Vλρ〉+H.c. 674 337 657
i〈χˆ−〉〈aˆ‖
µaˆ‖
ν
Hˆµν〉 289 289 ε
µνλρ〈aˆ‖µχˆ−aˆ‖νVλρ〉 675 338 658
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i〈aˆ‖
µχˆ−〉〈aˆ‖
ν
Aˆµν〉 290 290 ε
µνλρ〈aˆ‖µ〉〈aˆ‖νχˆ−Vλρ〉+H.c. 676 339
i〈aˆ⊥
µaˆ‖µ〉〈aˆ‖
νDν χˆ−〉 291 291 ε
µνλρ〈χˆ−〉〈aˆ‖µaˆ‖νVλρ〉 677 659
i〈Dµχˆ−〉〈aˆ⊥
ν aˆ‖ν aˆ‖µ〉+H.c. 292 292 iε
µνλρ〈aˆ‖µaˆ‖νVλ
σ
Hˆρσ〉+H.c. 678 340 660
i〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖µDν χˆ−〉 293 293 iε
µνλρ〈aˆ‖µaˆ‖
σVνλHˆρσ〉+H.c. 679 341 661
〈aˆ‖
µaˆ‖µHˆ
νλ
Hˆνλ〉 294 141 294 iε
µνλρ〈aˆ‖µVνλaˆ‖
σ
Hˆρσ〉+H.c. 680 342 662
〈aˆ‖
µaˆ‖
ν
Hˆµ
λ
Hˆνλ〉 295 142 295 iε
µνλρ〈aˆ‖µaˆ‖νVλ
σ
Aˆρσ〉+H.c. 681 343 663
〈aˆ‖
µaˆ‖
ν
Hˆν
λ
Hˆµλ〉 296 143 296 iε
µνλρ〈aˆ‖µaˆ‖
σVνλAˆρσ〉+H.c. 682 344 664
〈aˆ‖
µ
Hˆµ
ν
aˆ‖
λ
Hˆνλ〉+H.c. 297 144 297 iε
µνλρ〈aˆ‖µaˆ‖
σVνσAˆλρ〉+H.c. 683 345 665
〈aˆ‖
µ
Hˆ
νλaˆ‖µHˆνλ〉 298 145 298 iε
µνλρ〈aˆ‖µVνλaˆ‖
σ
Aˆρσ〉+H.c. 684 346 666
〈aˆ‖
µaˆ‖
ν
Aˆµ
λ
Hˆνλ〉+H.c. 299 146 299 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λD
σVρσ〉+H.c. 685 347 667
〈aˆ‖
µaˆ‖
ν
Aˆν
λ
Hˆµλ〉+H.c. 300 147 300 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σDλVρσ〉+H.c. 686 348 668
〈aˆ‖
µ
Aˆµ
ν
aˆ‖
λ
Hˆνλ〉+H.c. 301 148 301 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σDσVλρ〉+H.c. 687 349 669
〈aˆ‖
µaˆ‖µAˆ
νλ
Aˆνλ〉 302 149 302 iε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖νDσVλρ〉+H.c. 688 670
〈aˆ‖
µaˆ‖
ν
Aˆµ
λ
Aˆνλ〉 303 150 303 iε
µνλρ〈aˆ⊥µaˆ‖νDλVρ
σaˆ‖σ〉+H.c. 689 350 671
〈aˆ‖
µaˆ‖
ν
Aˆν
λ
Aˆµλ〉 304 151 304 iε
µνλρ〈aˆ⊥µaˆ‖νD
σVλρaˆ‖σ〉+H.c. 690 351 672
〈aˆ‖
µ
Aˆµ
ν
aˆ‖
λ
Aˆνλ〉+H.c. 305 152 305 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖ρaˆ‖
σaˆ‖σ〉+H.c. 691 352 673
〈aˆ‖
µ
Aˆ
νλaˆ‖µAˆνλ〉 306 153 306 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖
σ aˆ‖ρaˆ‖σ〉 692 674
〈aˆ⊥
µaˆ‖µaˆ‖
νDλHˆνλ〉+H.c. 307 154 307 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σaˆ‖λaˆ‖ρaˆ‖σ〉+H.c. 693 353 675
〈aˆ⊥
µaˆ‖
ν aˆ‖µD
λ
Hˆνλ〉+H.c. 308 155 308 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σaˆ‖λaˆ‖σaˆ‖ρ〉+H.c. 694 354 676
〈aˆ⊥
µaˆ‖
ν aˆ‖νD
λ
Hˆµλ〉+H.c. 309 156 309 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥
σaˆ‖σaˆ‖λaˆ‖ρ〉+H.c. 695 677
〈aˆ⊥
µaˆ‖µD
ν
Hˆν
λ
aˆ‖λ〉+H.c. 310 157 310 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ⊥σaˆ‖ν aˆ‖λaˆ‖ρ〉+H.c. 696 355 678
〈aˆ⊥
µaˆ‖
νDνHˆµ
λ
aˆ‖λ〉+H.c. 311 158 311 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥ρaˆ‖
σaˆ‖σ〉+H.c. 697 356 679
〈aˆ‖
µaˆ‖µ〉〈Hˆ
νλ
Hˆνλ〉 312 312 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥
σ aˆ‖ρaˆ‖σ〉+H.c. 698 357 680
〈aˆ‖
µaˆ‖
ν〉〈Hˆµ
λ
Hˆνλ〉 313 313 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖λaˆ⊥
σ aˆ‖σaˆ‖ρ〉+H.c. 699 681
〈aˆ‖
µ
Hˆµ
ν
〉〈aˆ‖
λ
Hˆνλ〉 314 314 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σaˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 700 358 682
〈aˆ‖
µaˆ‖
ν〉〈Aˆµ
λ
Hˆνλ〉 315 315 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σaˆ⊥λaˆ‖σaˆ‖ρ〉+H.c. 701 683
〈aˆ‖
µ
Aˆµ
ν
〉〈aˆ‖
λ
Hˆνλ〉 316 316 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ‖
σaˆ⊥σaˆ‖λaˆ‖ρ〉+H.c. 702 684
〈aˆ‖
µaˆ‖µ〉〈Aˆ
νλ
Aˆνλ〉 317 317 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ‖ν aˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 703 685
〈aˆ‖
µaˆ‖
ν〉〈Aˆµ
λ
Aˆνλ〉 318 318 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ‖ν aˆ⊥λaˆ‖σaˆ‖ρ〉+H.c. 704 686
〈aˆ‖
µ
Aˆµ
ν
〉〈aˆ‖
λ
Aˆνλ〉 319 319 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ‖ν aˆ⊥σaˆ‖λaˆ‖ρ〉+H.c. 705 687
〈aˆ⊥
µaˆ‖µ〉〈aˆ‖
νDλHˆνλ〉 320 320 iε
µνλρ〈aˆ⊥µaˆ⊥
σaˆ‖σaˆ⊥ν aˆ‖λaˆ‖ρ〉+H.c. 706 688
〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖µD
λ
Hˆνλ〉 321 321 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥λaˆ‖ρaˆ⊥
σaˆ‖σ〉+H.c. 707 689
〈aˆ⊥
µaˆ‖
ν〉〈aˆ‖νD
λ
Hˆµλ〉 322 322 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥λaˆ‖
σ aˆ⊥ρaˆ‖σ〉 708 690
i〈aˆ‖
µaˆ‖
νDµD
λ
Vˆνλ〉+H.c. 323 159 323 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ⊥
σaˆ‖λaˆ⊥σaˆ‖ρ〉 709 691
〈aˆ‖
µaˆ‖µD
νDν χˆ+〉 324 160 324 iε
µνλρ〈aˆ⊥µaˆ⊥ν aˆ⊥λ〉〈aˆ‖ρaˆ‖
σ aˆ‖σ〉 710 692
〈DµDµχˆ+〉〈aˆ‖
ν aˆ‖ν〉 325 325 iε
µνλρ〈aˆ‖
σ aˆ‖σ〉〈aˆ⊥µaˆ⊥ν aˆ⊥λaˆ‖ρ〉 711 693
i〈aˆ⊥
µaˆ⊥µaˆ‖
ν aˆ‖
λVνλ〉+H.c. 326 161 326 iε
µνλρ〈aˆ‖µaˆ‖
σ〉〈aˆ⊥ν aˆ⊥λaˆ⊥σ aˆ‖ρ〉+H.c. 712 694
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µaˆ‖
λVνλ〉+H.c. 327 162 327 iε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥ν aˆ‖λaˆ‖ρaˆ‖σ〉+H.c. 713 695
i〈aˆ⊥
µaˆ⊥
ν aˆ‖ν aˆ‖
λVµλ〉+H.c. 328 163 328 iε
µνλρ〈aˆ⊥µaˆ⊥
σ〉〈aˆ⊥σaˆ‖ν aˆ‖λaˆ‖ρ〉 714 696
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖µVνλ〉+H.c. 329 164 329 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖
σ
Vˆρσ〉+H.c. 715 359 697
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖νVµλ〉+H.c. 330 330 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖λVˆρσ〉+H.c. 716 360 698
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λaˆ‖λVµν〉+H.c. 331 165 331 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖σVˆλρ〉+H.c. 717 361 699
i〈aˆ⊥
µaˆ⊥µaˆ‖
νVν
λaˆ‖λ〉 332 332 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖ν aˆ‖λVˆρσ〉+H.c. 718 362 700
i〈aˆ⊥
µaˆ⊥
ν aˆ‖µVν
λaˆ‖λ〉+H.c. 333 166 333 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖ν aˆ‖σVˆλρ〉+H.c. 719 363 701
i〈aˆ⊥
µaˆ⊥
ν aˆ‖νVµ
λaˆ‖λ〉+H.c. 334 334 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖σaˆ‖ν Vˆλρ〉+H.c. 720 702
i〈aˆ⊥
µaˆ⊥
ν aˆ‖
λVµν aˆ‖λ〉 335 167 335 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λVˆρ
σ
aˆ‖σ〉+H.c. 721 703
i〈aˆ⊥
µaˆ‖µaˆ⊥
ν aˆ‖
λVνλ〉+H.c. 336 168 336 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ
Vˆλρaˆ‖σ〉+H.c. 722 364 704
i〈aˆ⊥
µaˆ‖
ν aˆ⊥µaˆ‖
λVνλ〉+H.c. 337 169 337 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖λaˆ‖
σ
Vˆρσ〉+H.c. 723 365 705
i〈aˆ⊥
µaˆ‖
ν aˆ⊥ν aˆ‖
λVµλ〉+H.c. 338 338 ε
µνλρ〈aˆ‖µVˆν
σ
〉〈aˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 724 366
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖µVνλ〉+H.c. 339 170 339 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖
σaˆ‖σVˆλρ〉 725 367 706
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖νVµλ〉+H.c. 340 340 ε
µνλρ〈aˆ‖
σ
Vˆµν〉〈aˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 726 368 707
i〈aˆ⊥
µaˆ‖
ν aˆ⊥
λaˆ‖λVµν〉+H.c. 341 341 ε
µνλρ〈Vˆµν 〉〈aˆ⊥λaˆ‖ρaˆ‖
σ aˆ‖σ〉+H.c. 727 369
i〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ⊥
λVνλ〉+H.c. 342 342 ε
µνλρ〈aˆ⊥µaˆ‖
σ〉〈aˆ‖νaˆ‖σVˆλρ〉+H.c. 728 370 708
i〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ⊥
λVνλ〉+H.c. 343 343 ε
µνλρ〈aˆ‖µVˆνλ〉〈aˆ⊥ρaˆ‖
σ aˆ‖σ〉 729 371
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i〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ⊥
λVµλ〉 344 344 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖ρχˆ+〉+H.c. 730 372 709
i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ⊥µVνλ〉 345 345 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λχˆ+aˆ‖ρ〉+H.c. 731 373 710
i〈aˆ⊥
µaˆ⊥µ〉〈aˆ‖
ν aˆ‖
λVνλ〉 346 346 iε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖λaˆ‖ρχˆ+〉 732 711
i〈aˆ⊥
µaˆ⊥
ν〉〈aˆ‖µaˆ‖
λVνλ〉+H.c. 347 347 iε
µνλρ〈aˆ‖µχˆ+〉〈aˆ⊥ν aˆ‖λaˆ‖ρ〉 733 712
i〈aˆ‖
µVµ
ν〉〈aˆ⊥
λaˆ⊥ν aˆ‖λ〉+H.c. 348 348 iε
µνλρ〈χˆ+〉〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖ρ〉 734 713
i〈aˆ‖
µV νλ〉〈aˆ⊥µaˆ⊥ν aˆ‖λ〉+H.c. 349 349 iε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖λD
σ
Hˆρσ〉 735 374 714
i〈aˆ‖
µV νλ〉〈aˆ⊥ν aˆ⊥λaˆ‖µ〉 350 350 iε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖
σDλHˆρσ〉+H.c. 736 375 715
i〈aˆ⊥
µaˆ‖µ〉〈aˆ⊥
ν aˆ‖
λVνλ〉+H.c. 351 351 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖
σVρσ〉+H.c. 737 376 716
〈aˆ‖
µaˆ‖µV
νλ
Vˆνλ〉+H.c. 352 171 352 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖λVρσ〉+H.c. 738 377 717
〈aˆ‖
µaˆ‖
νVµ
λ
Vˆνλ〉+H.c. 353 172 353 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖σVλρ〉+H.c. 739 378 718
〈aˆ‖
µaˆ‖
νVν
λ
Vˆµλ〉+H.c. 354 173 354 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖ν aˆ‖λVρσ〉+H.c. 740 379 719
〈aˆ‖
µVµ
ν aˆ‖
λ
Vˆνλ〉+H.c. 355 174 355 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖ν aˆ‖σVλρ〉+H.c. 741 380 720
〈aˆ‖
µaˆ‖µ〉〈V
νλ
Vˆνλ〉 356 356 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖σaˆ‖νVλρ〉+H.c. 742 381 721
〈aˆ‖
µaˆ‖
ν〉〈Vµ
λ
Vˆνλ〉 357 357 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λVρ
σaˆ‖σ〉+H.c. 743 722
〈aˆ‖
µVµ
ν〉〈aˆ‖
λ
Vˆνλ〉 358 358 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σVλρaˆ‖σ〉+H.c. 744 382 723
i〈aˆ‖
µaˆ‖
νχˆ+Vµν〉+H.c. 359 175 359 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σVλσaˆ‖ρ〉+H.c. 745 383 724
i〈aˆ‖
µχˆ+aˆ‖
νVµν〉 360 360 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖νVλρaˆ‖σ〉+H.c. 746 725
i〈χˆ+〉〈aˆ‖
µaˆ‖
νVµν〉 361 361 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖νVλσaˆ‖ρ〉+H.c. 747 726
i〈aˆ‖
µaˆ‖
νDµD
λVνλ〉+H.c. 362 176 362 ε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖σVνλaˆ‖ρ〉+H.c. 748 384 727
〈aˆ‖
µaˆ‖µV
νλVνλ〉 363 177 363 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖λaˆ‖
σVρσ〉+H.c. 749 385 728
〈aˆ‖
µaˆ‖
νVµ
λVνλ〉 364 178 364 ε
µνλρ〈aˆ‖µVν
σ〉〈aˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 750 386
〈aˆ‖
µaˆ‖
νVν
λVµλ〉 365 179 365 ε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖
σaˆ‖σVλρ〉 751 387 729
〈aˆ‖
µVµ
ν aˆ‖
λVνλ〉+H.c. 366 180 366 ε
µνλρ〈aˆ‖
σVµν〉〈aˆ⊥λaˆ‖ρaˆ‖σ〉+H.c. 752 388 730
〈aˆ‖
µV νλaˆ‖µVνλ〉 367 181 367 ε
µνλρ〈aˆ⊥µaˆ‖
σ〉〈aˆ‖νaˆ‖σVλρ〉+H.c. 753 389 731
〈aˆ‖
µaˆ‖µ〉〈V
νλVνλ〉 368 368 ε
µνλρ〈aˆ‖µVνλ〉〈aˆ⊥ρaˆ‖
σ aˆ‖σ〉 754 390
〈aˆ‖
µaˆ‖
ν〉〈Vµ
λVνλ〉 369 369 ε
µνλρ〈aˆ⊥µVνλ〉〈aˆ‖ρaˆ‖
σ aˆ‖σ〉 755 391
〈aˆ‖
µVµ
ν〉〈aˆ‖
λVνλ〉 370 370 iε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖λaˆ‖ρχˆ−〉 756 732
〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ‖νχˆ−〉+H.c. 371 182 371 ε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖λaˆ‖
σ
Hˆρσ〉+H.c. 757 392 733
〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ‖νχˆ−〉+H.c. 372 183 372 ε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖λaˆ‖
σ
Aˆρσ〉+H.c. 758 393 734
〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ‖µχˆ−〉+H.c. 373 373 ε
µνλρ〈aˆ‖µaˆ‖ν aˆ‖
σ aˆ‖σAˆλρ〉+H.c. 759 394 735
〈aˆ⊥
µaˆ‖µaˆ‖
νχˆ−aˆ‖ν〉+H.c. 374 184 374 ε
µνλρ〈aˆ‖µ〉〈aˆ‖ν aˆ‖
σaˆ‖σAˆλρ〉+H.c. 760 395
〈aˆ⊥
µaˆ‖
ν aˆ‖µχˆ−aˆ‖ν〉+H.c. 375 375 ε
µνλρ〈aˆ‖µaˆ‖
σ〉〈aˆ‖νaˆ‖σAˆλρ〉+H.c. 761 396 736
〈aˆ⊥
µaˆ‖
ν aˆ‖νχˆ−aˆ‖µ〉+H.c. 376 376 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖ρaˆ‖
σ aˆ‖σ〉+H.c. 762 397 737
〈aˆ‖
µχˆ−〉〈aˆ⊥
ν aˆ‖ν aˆ‖µ〉+H.c. 377 377 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖
σaˆ‖ρaˆ‖σ〉+H.c. 763 398 738
〈χˆ−〉〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ‖ν〉+H.c. 378 378 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖
σaˆ‖σ aˆ‖ρ〉+H.c. 764 739
i〈aˆ⊥
µaˆ‖µaˆ‖
ν aˆ‖
λ
Hˆνλ〉+H.c. 379 185 379 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖λaˆ‖ρaˆ‖σ〉+H.c. 765 399 740
i〈aˆ⊥
µaˆ‖
ν aˆ‖µaˆ‖
λ
Hˆνλ〉+H.c. 380 186 380 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖λaˆ‖σ aˆ‖ρ〉 766 400 741
i〈aˆ⊥
µaˆ‖
ν aˆ‖ν aˆ‖
λ
Hˆµλ〉+H.c. 381 187 381 iε
µνλρ〈aˆ⊥µaˆ‖
σ aˆ‖ν aˆ‖λaˆ‖ρaˆ‖σ〉 767 742
i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖µHˆνλ〉+H.c. 382 382 iε
µνλρ〈aˆ⊥µaˆ‖ν〉〈aˆ‖λaˆ‖ρaˆ‖
σ aˆ‖σ〉 768 743
i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖νHˆµλ〉+H.c. 383 188 383 iε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λ〉〈aˆ‖ρaˆ‖
σ aˆ‖σ〉 769 744
i〈aˆ⊥
µaˆ‖
ν aˆ‖
λaˆ‖λHˆµν〉+H.c. 384 384 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖λaˆ‖
σHρσ〉+H.c. 770 745
i〈aˆ⊥
µaˆ‖µaˆ‖
ν
Hˆν
λ
aˆ‖λ〉+H.c. 385 189 385 ε
µνλρ〈aˆ⊥µaˆ‖ν aˆ‖
σ aˆ‖λHρσ〉+H.c. 771 401 746
i〈aˆ⊥
µaˆ‖
ν aˆ‖µHˆν
λ
aˆ‖λ〉+H.c. 386 386
Appendix B: Relations between the NNLO pseudoscalar mesonic LECs and the LECs in the HLS approach
at the tree level
These relations do not contain the LECs from the terms similar to those in the pseudoscalar mesonic chiral La-
grangians [7, 72]. They are easily obtained by Table II. Some LECs are zeros and they are not listed below.
C¯1 ↔1
8
D23 − 1
16
D40 (B1)
C¯3 ↔− 1
32
D23 + 1
64
D25 + 1
32
D26 + 1
64
D39 + 1
64Fσ
2g4
− 1
64Fσ
2g2
z4 (B2)
C¯5 ↔ 3
32
D23 + 1
64
D25 + 1
32
D26 + 1
64
D39 − 1
16
D40 + 1
64Fσ
2g4
− 1
64Fσ
2g2
z4 (B3)
34
C¯7 ↔ 1
16
D16 (B4)
C¯8 ↔ 1
16
D17 + 1
8
D38 (B5)
C¯11 ↔1
8
D15 + 1
8
D37 (B6)
C¯13 ↔− 1
8
D15 − 1
16
D16 − 1
8
D37 (B7)
C¯14 ↔− 1
16
D17 − 1
8
D38 (B8)
C¯28 ↔− 1
16
D21 + 1
32
D25 + 1
64
D39 − 1
32
D40 + 1
64Fσ
2g4
− 1
16Fσ
2g2
w5 − 1
64Fσ
2g2
z4 (B9)
C¯30 ↔ 3
16Nf
D23 + 1
32Nf
D25 + 1
16Nf
D26 + 1
32Nf
D39 − 1
8Nf
D40 + 1
32Fσ
2Nfg4
− 1
32Fσ
2Nfg2
z4 (B10)
C¯31 ↔1
8
D21 − 3
16
D23 − 3
32
D25 − 1
16
D26 − 1
16
D39 + 3
16
D40 − 1
16Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
16Fσ
2g2
z4 (B11)
C¯33 ↔− 1
8
D21 + 1
8
D23 + 1
16
D25 + 1
32
D39 − 1
8
D40 + 1
32Fσ
2g4
− 1
8Fσ
2g2
w5 − 1
32Fσ
2g2
z4 (B12)
C¯34 ↔− 3
16Nf
D23 − 1
32Nf
D25 − 1
16Nf
D26 − 1
32Nf
D39 + 1
8Nf
D40 − 1
32Fσ
2Nfg4
+
1
32Fσ
2Nfg2
z4 (B13)
C¯36 ↔ 3
32N2f
D23 + 1
64N2f
D25 + 1
32N2f
D26 + 1
64N2f
D39 − 1
16N2f
D40 + 1
64Fσ
2Nf
2g4
− 1
64Fσ
2Nf
2g2
z4 (B14)
C¯37 ↔1
8
D21 − 1
32
D23 − 3
64
D25 + 1
32
D26 − 1
64
D39 + 1
16
D40 − 1
64Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
64Fσ
2g2
z4 (B15)
C¯49 ↔ 1
64
D3 − 1
8
D23 − 1
16
D25 + 1
64
D30 + 1
8
D40 + 1
64
D41 (B16)
C¯50 ↔ 1
64
D5 + 1
32
D33 (B17)
C¯52 ↔ 1
32
D1 − 1
16
D23 − 1
32
D25 + 1
32
D28 + 1
32
D31 + 1
16
D40 (B18)
C¯54 ↔− 1
32
D1 + 1
32
D2 − 1
64
D3 + 1
4
D23 + 3
16
D25 − 1
16
D26 − 1
32
D28 + 1
64
D29 − 1
32
D30 − 1
16
D31 − 1
32
D39
− 5
16
D40 − 3
64
D41 − 1
32Fσ
2g4
+
1
32Fσ
2g2
z4 (B19)
C¯55 ↔ 1
32
D34 (B20)
C¯57 ↔− 1
64
D5 − 1
32
D33 (B21)
C¯58 ↔− 1
64
D4 + 1
16
D23 + 1
32
D25 + 1
64
D29 − 1
32
D32 − 1
16
D40 − 1
64
D41 (B22)
C¯60 ↔− 1
32
D2 + 1
64
D4 − 1
8
D23 − 1
8
D25 + 1
16
D26 − 1
32
D29 + 1
64
D30 + 1
32
D31 + 1
32
D32 + 1
32
D39 + 3
16
D40
+
3
64
D41 + 1
32Fσ
2g4
− 1
32Fσ
2g2
z4 (B23)
C¯62 ↔− 1
32
D34 (B24)
C¯64 ↔ 1
32
D1 + 1
16
D6 + 1
32
D9 + 1
16
D22 − 1
16
D23 − 1
32
D25 + 1
16
D28 + 1
16
D31 + 1
16
D40 (B25)
C¯65 ↔ 1
32
D5 + 1
16
D11 + 1
8
D33 (B26)
C¯66 ↔ 1
32
D4 − 1
16
D7 + 1
16
D10 − 1
4
D21 − 1
8
D22 − 1
8
D23 − 1
16
D25 + 1
16
D27 − 1
16
D29 + 1
8
D32 + 1
32
D36
35
+
1
8
D39 + 1
8
D40 + 3
32
D41 + 1
8Fσ
2g4
− 1
4Fσ
2g2
w5 − 1
16Fσ
2g2
z4 (B27)
C¯67 ↔ 1
32
D3 + 1
16
D8 − 1
4
D21 − 1
4
D23 − 1
8
D25 + 1
16
D27 + 1
16
D30 + 1
32
D36 + 1
8
D39 + 1
4
D40 + 3
32
D41
+
1
8Fσ
2g4
− 1
4Fσ
2g2
w5 − 1
16Fσ
2g2
z4 (B28)
C¯68 ↔ 1
32
D2 + 1
32
D7 − 1
32
D8 − 1
32
D9 + 1
4
D21 + 1
16
D23 + 3
32
D25 − 1
16
D26 − 1
16
D27 + 1
32
D29 − 1
32
D30
− 1
16
D31 − 1
32
D36 − 5
32
D39 − 1
8
D40 − 3
32
D41 − 5
32Fσ
2g4
+
1
4Fσ
2g2
w5 +
3
32Fσ
2g2
z4 (B29)
C¯70 ↔ 1
32
D12 + 1
16
D34 (B30)
C¯71 ↔1
8
D6 + 1
8
D21 + 1
8
D22 − 7
32
D27 + 1
16
D28 − 1
4
D39 + 1
2
D40 − 1
4Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
32Fσ
2g2
z4 (B31)
C¯72 ↔ 1
16
D11 + 1
16
D12 + 1
16
D33 + 1
16
D34 (B32)
C¯73 ↔ 1
16
D10 − 1
8
D21 − 1
8
D22 + 7
32
D27 + 1
16
D32 + 1
4
D39 − 1
2
D40 + 1
4Fσ
2g4
− 1
8Fσ
2g2
w5 − 1
32Fσ
2g2
z4 (B33)
C¯75 ↔1
8
D7 − 1
16
D14 + 1
4
D21 + 5
16
D27 + 1
16
D29 − 1
8
D36 + 1
4
D39 − 5
4
D40 − 3
16
D41 + 1
4Fσ
2g4
+
1
4Fσ
2g2
w5
+
1
16Fσ
2g2
z4 (B34)
C¯76 ↔1
8
D8 − 1
16
D9 + 1
16
D14 − 1
2
D21 + 1
4
D27 + 1
16
D30 − 1
16
D31 + 1
8
D36 + 3
8
D39 + 3
16
D41 + 3
8Fσ
2g4
− 1
2Fσ
2g2
w5 − 1
8Fσ
2g2
z4 (B35)
C¯78 ↔1
8
D21 − 9
32
D27 − 5
16
D39 + 5
8
D40 − 5
16Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
32Fσ
2g2
z4 (B36)
C¯80 ↔− 1
16
D13 − 1
16
D35 (B37)
C¯81 ↔1
2
D18 + 1
4
D37 (B38)
C¯82 ↔1
4
D19 + 1
4
D38 (B39)
C¯83 ↔1
8
D15 + 1
4
D18 + 1
4
D37 (B40)
C¯84 ↔1
8
D17 + 1
4
D19 + 1
2
D38 (B41)
C¯85 ↔1
8
D16 (B42)
C¯86 ↔ 1
32
D25 + 1
32
D26 + 1
32
D39 − 1
16
D40 + 1
32Fσ
2g4
− 1
32Fσ
2g2
z4 − 1
32Fσ
2g2
z8 (B43)
C¯89 ↔ 1
32
D25 + 1
32
D26 + 1
32
D39 − 1
16
D40 + 1
32Fσ
2g4
− 1
32Fσ
2g2
z4 − 1
32Fσ
2g2
z8 (B44)
C¯90 ↔1
8
D21 − 1
8
D23 − 1
16
D25 + 3
32
D27 + 1
16
D39 − 1
16
D40 + 1
16Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
32Fσ
2g2
z4 (B45)
C¯92 ↔− 1
8
D21 + 1
32
D23 + 3
64
D25 − 1
32
D26 − 3
32
D27 − 5
64
D39 + 1
8
D40 − 5
64Fσ
2g4
− 1
8Fσ
2g2
w5
− 1
64Fσ
2g2
z4 (B46)
C¯94 ↔− 1
4
D21 + 1
8
D23 − 1
16
D24 + 1
8
D25 − 1
16
D26 − 1
16
D27 − 1
32
D39 − 1
32Fσ
2g4
− 1
4Fσ
2g2
w5 − 1
32Fσ
2g2
z4 (B47)
36
C¯95 ↔− 1
8
D23 + 1
16
D24 − 1
16
D25 − 1
32
D39 + 1
8
D40 − 1
32Fσ
2g4
+
1
32Fσ
2g2
z4 +
1
16Fσ
2g2
z8 (B48)
C¯97 ↔1
8
D21 − 3
32
D23 − 3
64
D25 + 1
32
D27 + 1
64
D39 + 1
64Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
64Fσ
2g2
z4 − 1
32Fσ
2g2
z8 (B49)
C¯100 ↔− 1
8
D21 − 1
8
D22 + 1
8
D23 + 9
32
D27 + 5
16
D39 − 5
8
D40 + 5
16Fσ
2g4
− 1
8Fσ
2g2
w5 − 1
32Fσ
2g2
z4 (B50)
C¯101 ↔ 3
16
D14 + 1
8
D21 + 1
16
D22 − 1
16
D24 + 3
32
D27 + 3
16
D36 + 1
16
D39 + 5
8
D40 + 3
16
D41 + 1
16Fσ
2g4
+
1
8Fσ
2g2
w5 +
1
32Fσ
2g2
z4 (B51)
C¯104 ↔− 1
4
D20 − 1
16
D21 − 5
64
D27 − 3
32
D39 + 3
16
D40 − 3
32Fσ
2g4
+
1
16Fσ
2g2
w5 +
1
64Fσ
2g2
z4 (B52)
C¯105 ↔1
4
D20 + 3
16
D21 + 1
16
D23 + 1
16
D25 − 1
32
D26 − 3
64
D39 − 3
32
D40 − 3
64Fσ
2g4
+
1
16Fσ
2g2
w5
+
3
64Fσ
2g2
z4 +
1
32Fσ
2g2
z8 (B53)
C¯109 ↔1
8
D27 + 1
8
D39 − 1
4
D40 + 1
8Fσ
2g4
(B54)
C¯110 ↔1
4
D21 − 1
8
D25 − 1
16
D27 − 1
8
D39 + 1
4
D40 − 1
8Fσ
2g4
+
1
4Fσ
2g2
w5 +
1
16Fσ
2g2
z4 (B55)
C¯111 ↔− 1
8
D22 + 9
16
D27 + 5
8
D39 − 5
4
D40 + 5
8Fσ
2g4
− 1
16Fσ
2g2
z4 − 1
8Fσ
2g2
z8 (B56)
C¯112 ↔1
4
D21 + 1
8
D22 + 1
8
D26 + 1
4Fσ
2g2
w5 (B57)
C¯114 ↔1
2
D14 +D27 + 1
2
D36 +D39 + 1
2
D41 + 1
Fσ
2g4
(B58)
C¯115 ↔− 1
4
D27 − 1
4
D39 + 1
2
D40 − 1
4Fσ
2g4
(B59)
KW1 ↔
1
4
D496 − 1
8
D497 − 1
32
D502 + 1
16
D503 − 1
4
D518 − 1
8
D520 + 3
64
D521 − 1
32F 2σg
2
B1 + 1
F 2σg
2
B3 (B60)
KW2 ↔
1
4
D516 (B61)
KW4 ↔
1
8
D496 − 1
4
D499 − 1
8
D517 − 1
4
D518 (B62)
KW5 ↔−
1
8
D497 − 1
32
D511 − 1
16
D512 + 1
4
D517 − 1
8
D520 − 1
16
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